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THE METEOR OF JULY 2T, 1894. 

By Edward S Hoddbn 


SECTION 1 

INTRODUCTION 

This remarkable meteor was seen oyer a large part of Cali- 
fornia about 7*" 30“, Pacific standard time, on the evening of 
July 27, 1894 A first inspection of the numerous reports of 
its fall shows that it entered the earth^s atmosphere somewhere 
near the zenith of Merced, and fell vertically, or nearly so It 
IS the object of this paper tg collect the numerous observations 
and to determine the path of the fii e-ball , and also to give 
a description of the remarkable clouds which were left by 
the body after explosion, and which were visible for more than 
half an hour afterwards The present report is intended 
chiefly for distribution to those persons in California who 
observed the meteor, and who were kind enough to send their 
observations to the Lick Observatory For that reason it is 
given in considerable detail, and at much greater length than 
the purely scientific results warrant The short sections III- 
VI contain most of the definite results 

Though many reports of observations were received at the 
Lick Observatory, it is singulaily disappointing that all of 
them, taken together, do not give satisfactory data for an 
accurate determination of the meteor’s orbit. The required 
data are extremely simple Each observer should note (1) 
the altitude and azimuth (bearing) of the point where the 
meteor bursty (2) the same quantities for the point where the 
meteor disappeared (was dissipated) These data give for each 
observei a great circle in the sky, which corresponds to the 
apparent path of the meteor All such circles (prolonged) 
meet in a point — ^the radiant point — which corresponds to the 
point where the meteor entered the earth’s atmosphere. The 
position of this point on the celestial sphere, combined with 
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the position of the earth m its oibit at the time, enables the 
orbit of the meteor in space to be calculated If each observei 
had also noted the interval of time which elapsed between the 
flash and the repoit, lesults of inteiest might have been 
obtained 

The very complete observations at the Lick Obseivatoiy 
seive to fix with great precision the place wheie the meteoi 
burst, the point wheie it disappeaied is less well determined 
Seveial othei stations also give a poition of the data with 
considerable accuracy This is especially the case foi College 
Park (Professor Aitken), Carson (Piofessoi Friend), Palo 
Alto (President Jordan and Professor Hussey), Chabot 
Observatory (Mr Carlton and Mi Bdrkiialter), Los Gatos 
and Santa Clara (Mi Bray), San Jose (Mi Herring and Mi 
Herrold), Merced (Mr Johnson and Mr Stonero\d) No 
stations, except Mount Hamilton and College Park,* give 
complete data, however, and it is unfortunate that more 
accurate observations of direction are not available at sta- 
tions in and about Merced The necessary data must bo 
obtained, as well as possible, from a combination ol the 
reports at hand The weak point of all the data is the posi- 
tion of the meteor at the end of its fall A glance at the 
frontispiece shows why this is so The meteor divided into 
(at least) two parts here, and some observations refer to one 
part, some to the other The main downiush of tho meteoi 
was (in the frontispiece) nearly vertical But a line joining 
the point of bui sting with the point where the bright zigzag 
streak disappeared is not so This streak was, loosely speak- 
ing, southwards from the path Diflerent observers at difierent 
stations have described sometimes the position of this zigzag 
streak, sometimes the end of the general downiush, as the end- 
point of the meteor’s path Most of these descriptions are in 
general terms, not accompanied by accurate measures, and it 
has not been possible to properly separate the data referring 
to each part 

The observed differences of time between the instant of 
explosion (which I call II) and the time when tho sound of 


111 the same direclwn from the meteor 
that the data derived from them alone are not suflicient to hx the radiant 
pOiUIt 
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the explosion leached the observer (IV), multiplied by the 
velocity of sound in air, if known, would give the distance of 
the meteor from the observer at the time II, measured in a 
stiaight line The velocity of sound is usually expressed by 
the following equation, in which 'g is the velocity in feet per 
second, i is the temperature Fahrenheit 

^ = 1088 3 1 / 1 + 0002036 (i — 32) 

At 32° Fahi , 'c = 1088 feet per one second 
At — 100° Fahi , 'd = 931 feet per one second 
At — 193° Fahr , v = 800 feet per one second 
At — 270° Fahr , = 675 feet per one second 

According to Professor Ferrel (Report C S O 1885, part 2, 
page 38) the limit of the earth’s atmosphere is not far from 37 
miles The phenomena of twilight indicate that it extends 
to 45 miles, as Ferrel remarks on p 74 Beyond the limit, 
wherever it may be, the temperature is that of space, say 
— 273° C , or — 461° Fahr From the earth’s surface upwards 
the temperature diminishes at the rate of 28° 3 Fahr for each 
mile of ascent 

A very interesting experiment by MM Gustave Hermite 
and BESANgoN in 1893,* showed that a thermometer marked a 
temperature of — 51° C at 12,500 metres (in a balloon) and that 
the diminution of temperature was 1° C per 186 metres of ascent 

The place where the meteor of July 27 exploded was 28 
miles above the earth’s surface, and 59 25 miles distant in a 
direct line from Mount Hamilton (0 8 mile high) The sound 
of the explosion required 390“ 7 to reach us According to the 
formula previously given (the velocity of the sound being 800 5 
feet per 1") the mean temperature of the air along its path 
must have been — 193° Fahr This mean tempeiature must 
have corresponded to a mean height of about 13 6 miles, or 
21,888 metres According to the experiments of M Hermite, 
the temperature at that height should have been about — 101° 
C , or — 150° Fahr It is not certain that the formula repre- 
sents the velocity of sound at extreme temperatures, since it 
was derived from experiments at ordinary temperatures, or 
rathei from theoretical considerations based on such expeii- 
ments If we had accurate observations of the meteoi through- 


*L'A&tronom%ei 1893, page 217 
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out its cDuisej it TTOuld be practicable to determine the velocity 
of sound expel imen tally when the path of the meteor is once 
known 

The meteor was very generally observed throughout Califor- 
nia, owing to its great brilliancy, to the beautiful and peisistent 
cloud foims which it left behind it, to the clear skies then pre- 
vaihng, and to the favorable hour of its appeal ance The 
newspapers contained a number of obseivations, a very com- 
plete and important series was made at Mount Hamilton by 
seven observeis, many excellent observations have been sent 
to the Observatoiy by our coriespondents and we have 
received, by the kindness of Hon C F Crockkr and lion 
A N Towne, a laige number of reports from the agents of 
the Southern Pacific Company Thiough the couitesy of Mi 
James A Berwick, U S Weather Bureau, Dneefcor of the 
State Weathei Service at Sacramento, we have received copies 
of all the reports from his observers in California and extiacts 
from a gieat number of California newspapeis lion B 
Thompson', of San Francisco, obseived the ineteoi at Vallejo 
(see his repoit in Section II) He also collected a nunibei of 
important reports from con espondents thiough out the State, 
and has been kind enough to tiansfei them to the Lick 
Obseivatoiy They will he found in their appropnate places 
in this book 


I have to thank Professor H A Newton, of Yale College, for 
advice freely given upon doubtful points 
In Older to have a definite nomenclature, let us take the 
following scheme of abbreviations 


I IS the time at which each observer first saw the meteor, 
(I IS le^ore the time of explosion in seveial cases ) 

II IS the absolute time at which tho meteoi oxjiloded (It 
IB 0 . 10 ^% T 30“ Pacific standard time, about this time tho bluish 
cloud A and the reddish clouds B and C weie formed. Hoe 
under 5, below ) 

HI IS the time of disappearance of the meteor itnolf to each 
obseivei 


IT IS the time at which each obseiver heard the noise of tho 
explosion which took place at the time II IV 11 multiplied 


XX, contains a selection of the observations 

best snited to determine the position of the meteor and SeotSHir^^^^ 
entirely devoted to reports of observations ^ 
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by the velocity of sound gives the distance of the meteoi from 
the observer 

There were two sounds heard by some observers 

(а) A hissing sound before the explosion at II 

(б) A rumbling sound, which was due to the explosion at II 

It IS probable that there was not a single definite time of a 

single explosion, but that a series of explosions occurred as the 
meteor was moving in its path, and that these explosions were 
heard as a rumbling sound (See the excellent reports of Mr 
Johnson and Di O’Brien, of Merced, among others ) Moreover, 
it is not unlikely that there weie also echoes of the true explo- 
sions I myself heard three sounds, and a number of others 
report this fact also 

Let us call — 

(A) the violet, purple, or blue cloud which was seen after 
II and which persisted for some minutes after that time 
(Several correspondents have described this cloud as if it 
were the meUor itself, and it is necessary to read their reports 
carefully in order not to confuse the rapidly moving meteor 
with the slow-drifting cloud (A) ) 

(B) , (C), the reddish, brownish, or clay-colored clouds seen 
after II near to and below the cloud (A) 

In order to obtain data for a first approximation, I have 
made brief abstracts of the most important reports, as follows 
In Section II (only) the italics are usually mine The reports 
are arranged alphabetically by towns 

The accompanying map shows graphically the results of some 
of the observations It is a first attempt to decide the direction 
in which the meteor fell The point of explosion of the meteor 
IS to be fixed by the observations made at the Lick Observatory, 
combined with those at the Chabot Observatory, those at Carson, 
Palo Alto, College Park, and elsewheie 

The lines on the map represent the directions in which the 
meteor lay when its path met the horizon, deduced from the 
verbal desciiptions These lines are often erroneous on account 
of ambiguities in the accounts 

There are seven points designated by letters on the map, 
namely, A, B, U, W, X, Y, Z 

A IS the point in whose zenith the meteor exploded, about 
28 miles above the earth’s surface 
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B IS a point indicated by some reports for the fall of the 
meteor 

U and Y represent trials which have been made of various 
hypotheses, and may be dismissed with a word The meteor 
would have exploded in the zenith of Y if the sound of the 
explosion had traveled at about 1,088 feet per second The 
meteor would have exploded in the zenith of U if the observa- 
tions of the Chabot Observatory, combined with our own, had 
been absolutely exact As a matter of fact, U is a close approx- 
imation to the correct point A, and the latter has been deter- 
mined by shifting TJ along the line determined by the Lick 
Observatoiy observations unchanged until it harmonized best 
Tvith the determinations at Chabot Observatory, Caison Observ- 
atory, and the observations of Messrs Johnson, Stonbroad, 
Sanders, and O’Brien at Merced, of Mis Osborn at Atwater’ 
and of Messrs Webster and Minturn at Mintuin 

The map was constructed chiefly for the purpose of fixing 
the direction in which the meteor fell to the earth, as the 
place of its explosion (A) was otherwise well determined For 
this purpose all the reports were carefully read The best of 
them indicate that the fall was almost vertical, but many 
others gave inclined paths A black line on the map (when 
it IS unbroken) signifies that a report was at hand which 
declared the meteor to have fallen in the direction of this line 
The lines seem to cluster about four points X, Z, W, B W 
appears to be strongly indicated Many other reports, which 
need not be specified here, agreed very well in saying that the 
meteor disappeared at a point about 8 miles above the place 
W The observations at Merced, above mentioned, and those at 
Minturn, and especially the report of Professoi Friend from 
Carson (not received till October 12), conclusively prove that 
the meteor could not possibly have fallen above W, 01 near it 
We may regard the evidence in favor of W as an instructive 
example of the errors which creep into such observations as 
those of a rapidly moving and unexpected meteor The obser- 
vations of the lowest part of the path of this meteor are par- 
ticularly unsatisfactory, as has been said, because the atten- 
tion of all observers was iiveted on the splendid cloud which 
appeared at or near the point of explosion, and especially 
because the meteor actually divided into (at least) two parts 
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towards the end of its course, so that the observations refer 
sometimes to one of these parts, sometimes to the other 


SECTION II 

ABSTRACTS OF SOME OF THE MOST IMPORTANT 

REPORTS 

[The following reports are arranged alphabetically by towns 
The notes in square brackets are my own A usually refers, 
in this section, to the point wheie the meteoi exploded, ^ e to 
a point 28 miles above the point A on the map ] 

Atwater, Cal Mrs E B Osborn 

The meteor itself was not seen The cloud (A) was about 10® a very little 
W of S of the zenith 

[The meteor at explosion (II) over the point A would have been at an 
altitude of about 78® and bearing about S W The cloud drifted considerably ] 

Bakersfield, Cal Mr J B Hewitt (through Hon K Thompson) 

“ My first observation was when the meteor seemed to come in contact with 
our atmosphere, or show any light It was between the first and second star 
of the handle of the Great Dipper, this point being nearly 35° to 40® W of N 
From this point it descended to a point somewhere near 25® to 30° above the 
horizon, where it e\ploded, « » « after which it descended behind 

some trees, * « » the course being some 5® or 7° nearer the N than when 
first observed by me ” No noise was heard “Its general course from here 
was nearly N W ” “The color of the smoke was of a bright whitish cast, and 
so remained ” 

A second letter from Mr Hewitt confirms his first, and says that “the Dip- 
per was at that time visible to the eye, or at least before the smoke or vapor 
left by the meteor in its descent entirely disappeared from view ” It was 
very faint when first seen 

[The point m the handle of the Dipper described by Mr Hewitt had 
an altitude of about 61® at 7*^ 30“ P s t , and if the meteor were vertically 
over A on the map the height above the earth would have been over 290 miles 
The altitude of A from Bakersfield was about 10®, considerably less, that is, 
than the estimate The meteor was 6® or so nearer the north at its fall than 
at explosion This observation of the fall points in the direction of W ] 

Berenda, Cal S P Co ’s Agent 

“The meteor first appeared about WN W from here, and about 45® above 
the horizon It seemed to move about 8 in falling ” ^ 

[If A IS the point where the meteor explodeci, the Berenda observation 
agrees well, except that for 46® we should read about 38° The meteor moved 
south m falling ] 

Borden, Cal S P Co ’s Agent 

“ The meteor was seen W of N W from here, apparently falling almost 
perpendicularly Disappeared about 20® above horizon ” 

[The altitude of A was about 30®, of the point where the meteor disappeared, 
about 6® ] 
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Camp Arlington, Eiveraide County, Cal Voluntaiy Observer of the 0 S 

Weather Service 

The bearing was N 37° 66' W (true bearing) [This bearing points e\.ictl 7 
to U] 

Carson City, Nev Chas W Fbiend, of Carson Obseivatory 


Prof E S Holden 


Carson Citi, October 10, 1801 


My Dear Sir Herewith please find memoranda of July meteor as taken 
from landmarks from observations at the time by Mr Chas Siitwari The 
measurements were made by Mr Kirk (Engineer of the V and T 11 h ) and 
myself, with transit and tape The transit pier of my observatoiy was used 
as a starting point, its position being Long 119° 46' 42" 9, Lat 30° 00' 47" 2 
(authority IT S Coast and Geodetic Suivey), and altitude ibovo sca-h vel 
4,660 feet The place of observation by Mr Stewart was 323 08 feet noitli, 
and 727 2 feet west of transit pier of observatory Prom this point the luotcoi 
was 18° 62' west of south (true), and burst at an elevation of 7° 03' O'he 
course of meteor was perpendicular Hoping the above infoimation will lie 
of service to you, I remain 

Yours sincerely 

Chas W Frienu 


[The altitude of A is 11° Professor Friend has re-exammed the land- 
marks, and considers his measuies above to be correct, as they undoulitodly 
are, from the data ] 


College Park (University of the Pacific) Professor Koberi G AthvEN 
(Observations by Mrs Aitken also ) 

The meteor a^ppemed at an altitude of 25° and azimuth of 270° (oast point) 
It dtsappeated at an altitude of 6° and azimuth of 276° (6° S of E ) U took 
nearly 4 seconds to ti averse this path 

[A IS about 22° altitude as seen from College Park The dillercncc of Vioi 
Attkbn’s two azimuths is 6°, the later one being most southorlv He 
informs me that the latei azimuth is also the best dotci mined The actual 
velocity of the meteor was about 6 7 miles per 1» If the fall ol the moU^oi 
were vertical at A on the map, and if it dtsappemed at an altitndo of 6°, its 
height above the earth at disappearance was about 6 miles ’ 

The meteor was followmg and overtaking the earth m its oiliil, and tho 
meteor’s velocity relative to the earth should be greater than as given bv the 
above estimate ] n j- 


Crow’s Landing, Cal S P Co ’s Agent 
“The meteor /eZZ SE from here” A sound was heaid 
later 


about 3 mmutoH 


Crow s Landing, Cal Mr 0 Abad WniiMBRii (through iron K Thomimon) 
rhe meteor ±eU perpendicularly, and fell to the earth a little south of oast 
of here “It passed south [of ?] east of this place about 6» t should |udgo ■’ 


Fresno, Cal Mr A M Drew (through Hon E Tiiompbon) 

whole phenomenon The meteor hrst appeared “about 
W N W of the zenith, andfell toward the N W until it reached a point about 
^ that point Its course was perpendicular tliiougli 

about 20 It exploded at this latter point “ It was visible between 6 and 4 
seconds, as I noted the time particularly ” 

[If the meteor were vertically over A on the map, its height above the earth 
at the first appearance would have been over 220 miles | 
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Fresno, Cal S P Co ’s A.gent 
“ Meteor seen from here in northwesterly direction ” 

Fresno, Cal (Newspaper report ) 

“ When 5® or 6° from the horizon, it exploded ” 

[The altitude at A was about 23° ] 

Hollister, Cal (Newspaper report ) 

It disappeared behind Santa Ana peak 

[The peak subtends a veitical angle of about 5°-6° at Ilollister The peak 
IS sharp, and the azimuth is, therefore, pretty well determined The line 
from Hollister to the point of fall passes to the north of A on the map ] 

Lake Tenaya, 16 miles east of Yo Semite Mr Pelt's. Dbutscii 
He was facing the west , the meteor fell from a point “ somewhat west of 
the zenith, and a triQe to the south ” “The point of its fall was S W of us ” 

Los Banos, Cal S P Co ’s Agent 
It shot “ in a straight line from N E to S W ” 

The direction of the path was nearly perpendicular, a little north of east 
It was fully five minutes later that the report was heard 
[This would agree better with A on the map it we read “a little east of 
north ”] 

Lincoln, Placer County, Cal Rev E D Hale 
He saw the whole phenomenon, and says “if the course of the meteor had 
continued to the horizon it would have intersected the horizon very near the 
S S E point It disappeared, however, at an altitude of 20° to 25° ” 

[A is at an altitude of about 13° trom Lincoln The line towards the place 
of fall points to W ] 

Livermore, Cal (Press report ) 

Its fall was vertical 

Los Gatos, Cal Reported by Mr George Brat 
A friend of Mi Bray’s made permanent marks on a tank-lramc, which 
enabled Mr Bray to give the following data (The observation was made 
at the S B corner of the N W K 22, T 8S,R 1W,M T) B and M ) 

The true bearing from point of observation to point of explosion is N 78° 
E The altitude of the point of explosion is 30° The angle made by the 
meteor’s path with the vertical (through the point of explosion) was 18° 
The actual path of the body inclined towards the north A diagiani is 
given, which is here omitted 

[The altitude of A was about 22° Tho line N 78° E is 10° too large to pass 
through A on the map The inclined path of the meteor would have brought 
it to earth at a point about 22 9 miles from Los Bafios and 16 3 miles fi om 
Merced— to the north of A, therefore 1 
Madera, Cal S P Co ’s Agent 

The meteor, as seen from here, was very high and almost northwest Its 
course was indicated by the streak of blue smoke, mah i>lant%nq towaid*t the 
north 

Mariposa, Cal (Press report ) 

When first obseived, it was at an altitude of 86°, and when it fell it ranged 
southerly, and exploded when it was 15° above the horizon “ Tust at the 
point where the explosion took place,” the clouds B and C were seen The 
noise was heard 6 minutes later 
[The altitude at A was about 31° ] 
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Merced, Cal (near Merced), at the N E coiner of Sec 4, T 8 S , R 13 E ]\tr 
W B Johnson (his station is marked 1 on the map) 

Mr Johnson sent on July 31 a very full account of the meteor, with di iw- 
ings of the cloud A, etc The interval of time between the Hash (TI) and the 
report was about 2)/ minutes The explosion (II) occurred about 6° S and 
W of his zenith On September 2, replying to a letter of mine, ]\Ii Tohnson 
gives details legardmg the position of the meteoi at explosion All observers 
agree that the meteor passed fai to the west of Merced At Mr Tohnson’s 
house the smoke- wreath (A) was west and south, and so “ nearly overhc id that 
to observe it with an opera-glass I had to carry out a settee and take i leclin- 
ing position The altitude of Alpha Coiona Bo'ieahs at the time of explosion 
may be taken as fixing the angle of elevation of the center of the smoke-mass 
very accut ately The only possible error is that I may have over-estimal cd 
the amount of the earth’s rotation between the time of the explosion ind 
the time when darkness made the stars visible” Aictuius “became visible 
directly south of the cloud (A) while the cloud was yet plainly in bight ” 

Mr Johnson incloses two diagrams showing the relation of the smoke- 
wreath (A) to the stais I understand that the place of the cloud A was 
fixed in the sky by memory, and that when the stais became visible some- 
what later, an allowance was made for the presumed amount of then motion 
westwards, and that the diagram places the stars where they would have 
been with refeience to the cloud A, had both been seen at the sime lime 
There is natuially some uncertainty in this piocess, but Mr Iojinson’s obsci- 
vations are obviously very carefully and intelligently made 

[The altitude of Alpha Corona Boieahs at 30>“ P s t was about 78® at 
Merced ] 

Mr Johnson says, ^^Fiist V^ew A cloud (A) extending N E and S E ” The 
altitude of A on the map from Mr Johnson’s station was about 72®, which 
agrees well with his estimate Unfortunately, no careful obseivations wcie 
made by obseivers in this vicinity of the ditectzon in which the meteor fell 

Merced, Cal Dr E S O’Brien 

Dr and Mrs O’Brien saw the whole phenomenon At the beginning they 
were facing the west, and the meteor came into view almost diiectly over- 
head ^ A few seconds hefote the explosion (II) it appeared as a ball ot liglit 
“approaching from a direction a little south of west ” A hissing sound was 
now heard “Then in a fe^ seconds came the great flash of light and the c\- 
plosion” (II) “The latter was accompanied by a low rumbling sound, as of 
distant thunder ” “This rumbling sound lasted for 30 seconds ” The explo- 
sion produced smoke, which, at first, assumed a cloud-like body, after which 
it formed into a large ring, and then gradually twisted upon itself, and bioko 
into a long rope-shape, and as it raised upward with the upper cun outs of 
the air, gradually disappeared after 30 minutes This cloud of smoke (A) 
was quite clear, and showed the effects of illumination by tlie sun’s lays 
Two smaller clouds (B and C) given off by the explosion, were of a dull icd 
color 

[These observations give no data for determining the motion of tlie meteor 
On the other hand, the description of the clouds A, B, and 0 is complete J 

Merced, Cal Mr Stoneroad, County Surveyor (Through Mr W B 

Johnson ) 

He observed the cloud (A) from a point 400 feet S of the N E corner of Sec 
25, T 7 S , R 13 E He sat on a bench, and saw the cloud ]ust above a banner 

*The altitude of the radiant point at Merced was, in fact, about b5* 
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suspended across the street Subsequent measures (without instruments) by 
Mr Stonbroad and Mr Johnson fixed the altitude of the cloud as from 50° 
to 60°, and the direction about S 85° W 
[The altitude of A is about 66° The azimuth of A is almost exactly as 
above ] 

(Near) Merced, Cal Mr Sanders (Through Mr W B Johnson) 

At S W corner of Sec 11, T 8 S , R 3 E , he saw the explosion due W from 
him, at a point estimated by Mr J ohnson as 8° from the zenith, or altitude 81° 
[His station is marked 2 on the map ] 

[A IS 80° above this station, but lies nearly N W of it ] 

Minturn, Cal Mr Frank: H Webster, Sunset Vineyard, Sec 24, T 9 S, 
R 15E 

He was sitting on a north porch facing N W , and saw the whole phenome- 
non The meteor appeared at an altitude of 80° in the direction N W by W , 
it attained its utmost brilliancy at 65°, it disappeared at 45° “Had it con- 
tinued its course to the horizon it would have landed due N W from here 
At least 3 minutes later the sound was heard ’’ 

[A has an altitude of 48° from Minturn, which agrees well with 45° as above 
The first appearance of the meteor (at 80°) would have been some 124 miles 
above the earth’s surface It moved northerly in falling, say 11° in azimuth 
The line of its fall is marked on the map 11° north of the line joining Min- 
turn to A ] 

Minturn, Cal Mr T R Minturn 

He saw the whole phenomenon from the S W corner of S W ^ of N E 
of Sec 13, T 9 S , R 15 E (about a mile N W of Minturn) “ The fall was not 
by any means vertical ” The meteor’s bearing at the point where its path 
met the horizon was fixed by a row of orchard trees It was a very little 
north of due west (by compass) The variation of the compass being 
assumed as 16°, the azimuth may be taken as about N 74° W (It will be 
noticed that the two reports from Minturn do not closely agree) “The 
meteor flashed at a point considerably S of W ” Two sounds of explosion 
were heard 

[A has an altitude of about 48° from Almturn ] 

The line N 74° W passes nearly through 2 on the map The meteor was 
moving north in azimuth during its fall 

Modesto, Cal Mr E C Dozier, express agent (through Hon R Thompson) 
The cloud (A) was seen at an altitude of about 45° immediately after the 
explosion The direction from Modesto was southeast 
[The altitude of A is 41° ] 

Mokelumne Hill, Calaveras County, Cal Voluntary Observer U S Weather 
Service 

“A meteor appeared ^ * * and burst ^ * at an altitude of about 

4()o « X » 

[The altitude of A is about 21° ] 

Mount Hamilton (Lick Observatory) Edward S Holden 
The explosion of the meteor was very near to the time 7^ 30® At ^ 36® 
the altitude of the top of cloud A was 26° 57', and its azimuth S 83° 04' E 
The meteor descended from its point of first appearance towards a point 
whose azimuth was about 88°, that is, it inclined to the north in falling, 
according to my estimates, which were made by comparing the direction of 
its fall with the side of a window frame 
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Mount Hamilton (Lick Observatory) J M Schaebbrle 
The time of hearing the explosion was noted as 7^ 36“» IS® zb S'* Various 
drawings were made of the cloud — for which see his report in Section VT 

Mount Hamilton (Lick Observatory) E E Barnard 
Professor Barnard’s observations are given in full in the Azl’tonomcal 
Journal^ No 328 

The sound was heard by him at 7^^ 36“^ 13^ d= 16’ P s t A series ot point- 
ings on the densest part of the cloud was made with the hnder of the XTT-incli 
Equatorial The first pointing was ten minutes after the e\plosion 


These pointings were— 

L 0 Sidereal Time 

R A 

Declination 

16^ 57“ 

2011 16“ 9 

+ 11® 8 

16 0 

20 15 9 

12 3 

16 3 

20 13 9 

12 9 

16 7 

20 10 5 

13 3 

16 10 5 

20 5 4 

14 0 

16 145 

20 1 4 

+ 15 2 


The first pointing gives, approximately, 40“ P s t Altitude = 26® 9 , 
azimuth, S 84® 4 E At 7i^ 40“ the cloud was m the shape of an _J The left 
hand arm was 2® long The other arm was vertical, and about l>i® long 
(These estimates are from Professor Schabbbrlb’s drawings ) The densest 
(brightest) part was at the left hand end of the horizontal aim, and Professor 
Barnard informs me that all his pointings were made on that pait Hence 
they cannot be used to determine the place of the meteor at the time of 
explosion, 7^ 30“ At any rate the cloud had moved considerably by 7^‘ 40“, 
the time of the first pomting 

The last pointing was at 7^^ 58“ P s t , and the altitude was about 35° 6 at 
this time The cloud was changing in shape constantly The altitudes and 
azimuths of E S Holden and of Mr Campbell refer to the to'p ot the cloud, 
very near where the explosion occurred, and they were made about 7*‘ 36^» 
and 32“, respectively 

Mount HamUton (Lick Observatory) W W Campbell 
At 7^ 36“ 148 P s t , two reports of the explosion were heard A very shoit 
time after 7^ 32“ the altitude and azimuth of the upper end of the cloutl A 
were fixed, by reference to Altair, as 27® and S 84^® E , respectively 

Mount Hamilton (Lick Observatory) R H Tucker, Tr 
He heard two reports of the explosion (the second the louder) at 36“ 18» 
zb 3’ The trail was seen 4^ minutes before this time The brightest part of 
the trail was some 3° or 4° long Above it, a very faint line extended from 
12® to 16° farther The plane of the whole trail was nearly vertical, but a 
httle south of the vertical plane 

Mount Hamilton (Lick Observatory) 0 J) Perrine 
The time of the explosion (II) was 7^ 36“ IP zb 6’ 

Mount Hamilton (Lick Observatory) A F Poole 
The meteor was first seen (1) about 1}^ seconds before it burst (TI) at 7*^ 
29“ 45® zb 10® P s t The plane of the path inclmed south of the vertical some 
5® or 8® 

Mount Hamilton (Lick Observatory) Summary of results 
The time of first appearance of the meteor is— 

1 (A F Poole), about 7^^ 29“ 43® 6 zb IQs 
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The time of explosion is— 

II (A F PooLB), 71 ^ 29“ 44 s ±: 10® 

II (E S Holdbn), not far from 30“ — 

The time of hearing the reports is— 

IV (CD Pbrbine), 7^ 36“ 11® dz 6s 
IV (E E Barnard), 7*^ 86“ 13® dz 16® 

IV (W W Campbell), 7^^ 86“ 14® 

IV (J M Schabberlb), 7^ 36“ 15® dz 3® 

IV (R H Ttjoker), 7h 36“ 18® d= 3® 

The simple mean of these is adopted as follows — 

IV (Lick Observatory, 5 observers), 7^ 36“ 14® 2 
IV — II = 6“ 30® 7, or 390® 7 

If we knew the mean temperature of the air through which the sound came 
we could at once fix the distance of the meteor, at explosion, from Mount 
Hamilton If the temperature were 32° Fahr this distance would be 8047 
miles, if it were — 270° Pahr the distance would be 49 95 miles The distance 
to the point of explosion (above A on the map) is, in fact, about 69 3 miles, and 
hence the mean temperature of the air through which the sound moved must 
have been — 193° Fahr , and the velocity of sound about 800 feet per second, 
according to the formula given in Section 1. 

The altitude and azimuth of the top of cloud A are At 71^ S5“, E S Hol- 
den, Alt =26° 67', Az =S 83° 04' E At 32“ W W Campbell, Alt =27°, 
Az = S 845^° E At 40“, Prof Babnabd noted the first of a series of point- 
ings on the densest part of the cloud (A) left by the meteor, as Alt = 26° 9, 
Az = S 84° 4 E At 7^^ 58“ the altitude of A was about 35° 6 
We may adopt as the place of the top of the cloud at 7^ 33“ (and this is 
very near the position of the meteor when it exploded) Altitude =27°, Azi- 
muth = S 84° E 

The direction of the meteor path m its fall was, according to E S Holden, 
inclining some 6° north of the vertical plane , accordmg to Mr R H Tuckee, 
nearly vertical, but inclining somewhat to the south , according to Mr A F 
Poole, inclining some 6° or 8° south of a vertical See also the reports of 
College Park (Prof Aitxen), San Jos6 (Mr Herring), San Josd (Mr Hee- 

ROLD) 

Oakland (Chabot Observatory) Mr Charles Bttrokhaltee, Director 
“ The position of the observatory is. Longitude 122° 16' 39", Latitude -j- 37° 
48' The meteor fell vertically downwards in a plane 25° 40' dz 30' S of E ” 
[The above observation was not made by Mr Buecxhalter, but reported to 
him by Mr George Carlton The altitude of A, on the map, by construc- 
tion, IS about 15H°j which corresponds to an hour-angle of about 4ii 7“ E , and 
decimation — 10° In October, Mr Carlton again pointed out to Mr BtrECX- 
HALTER the place where the meteor burst, (A), and the latter fixed its position 
as < = 411 19“ E , declination —14° The difference seems large , hut I thmk 
it IS no more than may be expected Mr Buroxhaltbr describes the obser- 
vation as “rough ’* It is probable that the ±30' of the first communication 
represents too great an accuracy Mr Carlton says (October) that the meteor 
burst far “ below where the puff of smoke appeared ” It is, however, certam 
that the cloud A was produced by the explosion and appeared at the same 
altitude The meteor disappeared below this point. It was probably dissi- 
pated ] 

Palermo (not on the (map) (Newspaper report ) 

It “appeared m the southern sky, moving in a westerly direction It broke 
and disappeared a little E of S ” 
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Palo Alto (Stanford University) President Jordan and Professor Hussey 
Dr JoRD writes that the meteor “appeared to fall” m a line loinmg Palo 
Alto with a (described) point in the mountains just north of Mount Hamil- 
ton Professor Hussey has kindly made measures which fix the azimuth of 
the point On the map the line joins Palo Alto (L S T U ) with W The 
altitude of the mountam Cope? mews, 4,380 feet high, near Lick Obseivatory, 
from Palo Alto is 47' Mount Hamilton and its neighboring peaks are in 
plain sight from Palo Alto, and it is certain that no other peaks could be 
mistaken for them It is also certain that the path of the mam body of the 
meteor was considerably to the no'it'h of the hne Palo Alto to W 
The meteor disappeared considerably over the top of the crests 
The drawing of Mr St John, of Oakland, ref ei red to in Section VI, shows 
that towards the lower end of its fall the meteor divided into two parts One 
part fell vertically, or nearly so, the other flew off in a zigzag line towards 
the south It is my opinion that this latter fragment (which was quite bright) 
was observed at Palo Alto and at College Park and also by Messrs Tucker and 
Poole at Mount Hamilton The azimuth of the lower end of the meteor’s 
path "^ould thus be placed too far south I know of no other way of leconcil- 
mg these careful observations 

Eiverside, Cal (not on the map , it is near Arlington) (Newspaper leport ) 
It descended perpendicularly and exploded some distance above the hoiizon 
San Andreas, Cal (Press report ) 

Its fall was almost vertical 
San Jose, Cal Mr 0 D Herrold 

Its altitude was 28° It was close to the equator, “inclming downward 
slightly towards the north ” 

San Jose, Cal Mr and Mrs S H Herring, Ho 12 Pleasant Ave 
Mr Herring says “its first appearance was not very bright” (I), “but it 
rapidly mcreased in brilliancy and showed several colors when it burst” 
(II)— “blue, red, and yellow, with intermediate or blending tints ” The direc- 
tion of its/aZZ was “very nearly due east, slightly south of east Its fall was 
nearly perpendicular from our point of view, just slightly bearing to the north 
in its fall ” The altitude at the time of explosion was estimated at 30° The 
explosion shattered the meteor mto pieces— “not less than three pieces, nor 
more than four”— and they were not far separated in falling They “fell 
straight down, with httle divergence ” “This latter fall I saw distinctly, and 
both Mrs Herring and myself accurately agree in all we both saw ” 

San Andreas, Cal (Press report ) 

The meteor descended almost vertically It fell a very little east of south 
Santa Clara, Cal Mr George Bray 

Mr Bray saw the whole phenomenon The meteor first appeared at a faint 
pomt of light, and gradually increased in size till it exploded Its track was 
perpendicular-vertical The cloud (A) drifted towards the north The alti- 
tude of the point of explosion was 30° The interval of time between the flash 
and the report was minutes The azimuth (by compass) was observed to 
be N 70° E , or the true bearing N 86° E 
[This refers to a nefrUcal fall, as reported by Mr Bray See, however, Los 
&ato8 observations, also reported by Mr Brat The altitude of A is about 22° ] 
Tracy, Cal (Press report ) 

It fell from an altitude of 60° to near the honzon At 30° it left a cloud 
behmd it, etc (A) Five minutes later a report was heard 
[The altitude of A was 26° An altitude of 60° corresponds to a height 
above A of some 89 miles ] ^ 
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Vallejo, Cal Hon R Thompson 


San Francisco, Sept 10, 1894 


Prof E S Holden, Mo'unt Kamilton^ Santa Clara Co , Cala 

Dear Sir On the 27th of July, 1894, at about 7 30 p m , I observed the 
fall of the meteor of which I -wrote you I was standing upon a hill on which 
the Orphans’ Home is situated, at Vallejo, Solano County, Cal , looking over 
the farms southeasterly from where I was standmg There were no trees to 
intercept my view, and the horizon was abo-ut 4 miles to the southeast 1 
was looking into the valley when I saw the first gleam of light made by the 
meteor As near as I could judge, it first appeared about 32° above the 
horizon as a white light It fell directly towards the earth in a perpendicular 
hne , this attracted my attention, as I had never seen one fall so vertically 
before It increased in intensity of light, and appeared to be nearer as the 
white light became more and more intense— it not only mcreased in intensity 
but in size to a perceptible extent for about one third of its entire passage, 
when it appeared to explode At the time it exploded, or seemed to, it had 
the appearance of an immense locket about a half mile away None but 
white light appeared until it broke , but after that there were many tints 
About one third of the way from the western side, or edge, there was a dark 
bluish-brown line , on the westerly side of this streak there was a definite 
dark edge, but on the eastern side it ran into red and yellowish The other 
parts of the meteor after it broke showed a variety of colors It was so far 
distant that the colors blended one with another so I could not see any part 
falling independently from the whole The outer parts faded 3 ust as a rocket 
generally does and at last there was only one Ime of light passing on That 
one line did not go far until it seemed to me to become disintegrated before 
it reached the earth I subsequently examined the location and found that 
it disappeared below the horizon It seemed to fall, or, if it had reached 
the ground where it appeared to me to be, it would have done so at a point a 
little to the right of a farm house with a square roof, and about 2° northeast- 
erly of Mount Diablo I subsequently used a compass and found the course, 
by compass, exactly S E and N W , so the course of the meteor must have 
been, by compass, due northwest As it fell its motion was perceptibly 
retarded all the way down After observing its fall to the end, 1 raised my 
eyes, and in the upper part of the path I saw a long grayish-white line of 
what appeared to he a cloud or smoke It was perfectly straight, and 
appeared of about an even thickness In about 6 to 7 minutes the center 
began to curve to the east I observed it only about 10 minutes I timed the 
fall subsequently, by counting, and estimated it from 4 to 5 seconds — I think 
nearer 6 than 4 The line of vapor left was from near the meteor’s contact 
with the atmosphere and just after it went to pieces It extended just about 
one third of the whole journey of the meteor through the atmosphere of the 
earth 

I am interested to find out many things about that July meteor I endeav- 
ored to find where it hrst came in contact with our atmosphere , what angle 
it made through it , how far it went after coming into the earth’s atmos- 
phere, where it broke in pieces, where it struck the earth, if it did so, and 
how many degrees of heat it generated , also, the report, if any, it made Of 
course, my conclusions would be likely to be unreliable, so I concluded on the 
start to send all information to you I am of the opinion that, as to the 
time of falling, the letter from Tracy is the moat reliable, and also as to the 
time the explosion was heard after it occurred 

Tou will find that the letter from Crow’s Landing tells, I think quite accu- 
rately, as to how far north it traveled It would seem that it fell due east 
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from the Observatory It was heard m Stockton, as well as in places nearer 
its fall, but the time was more closely noted at Tracy than elsewheie, as it 
appears from the letters The time after explosion will give the distance it 
was from Tracy at the time of the explosion As I concluded it was moving 
in nearly the same direction of the earth around the sun, so the motion of the 
earth would dimmish the speed through our atmosphere, not increase it If 
it fell 150 miles through our atmosphere in 4 seconds, it might not be difficult 
to find the speed of the meteor through space You will know as to whether 
the information you have, will give you all the different things I would like 
to know as to that meteor I send you ten letters, and if I get others I will 
send them also You can keep them, as my only aim is to preserve as many 
facts about the meteor as possible 
Yours, 


It Thompson 


[Its first appearance was 32° above the horizon, which corresponds to about 
59 miles above the point A on the map It exploded at about 30° — 11° = 19° 
in altitude The altitude of A is about 15° In platting the direction I have 
used the bearing referred to Mount Diablo The time required for the fall 
agrees closely with the estimates of Professor Aitkbn (College Park) and of 
Mr Drew (Fresno), and must be very close to the truth ] 

Wawona, Cal Mrs A H Washburn 
The meteor fell “fiom the southwestern sky ” 

[U] 


Webber Lake, Cal Mr T Bllard Beans 
Webber Lake is 25 miles N W of Truckee, in Sierra County, and is about 
7,000 feet above the sea 

It appeared to descend perpendicularly, inclining slightly towards the east 
It exploded “just before it reached the water ” 


West Oakland, Cal Report of Mr Chauncet M St John, of San Francisco 
“About 7 35 p M on the 27th day of July, 1894, my attention was attracted 
to the heavens above the eastern horizon by a meteor It was seen by me 
from West Oakland, on the edge of the bay I have seen many shooting 
stars and meteors before, but never such a wonderful sight as this was I 
will make a famt attempt to describe this heavenly body, m addition to the 
accompanying water color sketch, which is about as near perfect, I think, as 
could be made from memory Measured by the arc of a vertical circle, the 
meteor was apparently (explosion) above the horizon about 60° The meteor’s 
path was about E by N true , the upper portion of its trail (above explosion) 
as well as lower (below explosion) could be seen distinctly for twenty minutes 
after the meteor had disappeared At the pomt of explosion there was a 
number of small smoking particles that seemed to burn and dart in every 
direction, and only one (outside of the mam body, which continued on its 
course, but fallmg with less rapidity after the explosion) was seen to break 
away in a southwesterly direction, leavmg a trail of smoke behind You will 
please notice m the water-color, on the right, its appearance drifting through 
space in a zigzag manner, the smoke rolhng off the outer edge, resembhng 
very much in formation water flowing over the pipe of an artesian well 
“The smoke or gas remaming in the mam trail had the appearance of 
smoke shootmg m the air from a locomotive when hauling a heavy freight 
tram up a grade On account of the meteor’s great height, there must have 
been a small current of atmosphere, for the smoke remamed for quite a time 
m perfect shape It had a distmct rotary motion Fortunately I was look- 
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ii)g in the direction of the meteor, and saw the object some time before I 
heard the explosion ” 

West Point, Calaveras County, Cal Rev WPS Duncan 
“ I saw the meteor fall from first to last ” When first seen the meteor was 
about 35° above the horizon due south Its track appeared to make an angle 
of about 60° measured from an east and west line It seemed to fall at a point 
about 20° E of S (magnetic) 

[Magnetic south is S 16° W Hence it fell S 4° E It ranged E in azimuth 
in falling, apparently ] 

Yuba City, Cal (Press report ) 

It dropped “ swiftly from the sky m a slanting direction, southeasterly from 
Yuba City ” 


SECTION III 

DETERMINATION OF THE PLACE WHERE THE 
METEOR EXPLODED 

It IS remarkable that among so many intelligent observers, 
theie were so few accurate observations of the time at which 
the meteor exploded, or of the time when the sound of the 
explosion was heard 

The observations are too often not clear in describing the 
direction of motion of the meteor in its fall, so that it is some- 
times quite difl&cult to decide whether a report relates to the 
meteor when it was high up in the heavens, oi to its position 
as it approached the horizon 

As I have said, there are especial reasons in the case of this 
meteor for the lacks referred tOj because the violet cloud which 
■w as left behind was so strange and beautiful as to command 
one’s whole attention, and because of the separation of the 
meteor into two parts We have many reports relating to this 
cloud which describe it most accurately, and three observers — 
Mr Johnson of Merced, Mi Stewart of Visalia, and Professor 
ScHAEBERLE of Mount Hamilton — have given careful drawings 
of it, taken at short intervals These and other reports relating 
to the cloud are all that could be desired 

The drawing by Mr St John of the general aspect of the 
meteor (see frontispiece) is very satisfactory and beautiful 

The meteoi was accurately observed at Mount Hamilton by 
seven persons The time of explosion (II) is fixed by two 
observers, the time of the arrival ol the sound (IV) by five, 
the altitude and azimuth of the cloud by three, etc All these 
2 
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observations aie consistent The time required foi the sound 
of the explosion to leach us tv as 6“ 30“ 7 If we know the 
velocity at which the sound traveled, a simple multiplication 
will give the conespondmg distance We know that the 
velocity of sound varies with the temperature — sound travels 
slower at a low temperature, — and that it varies with the initial 
intensity of the sound — very intense sounds travel faster than 
less intense ones 

We do not know the velocity of sound in the case before us 
Let us assume, foi a fiist trial, that the average tempeiature of 
the air was 32° Fahr (which is evidently too high), and see to 
what conclusions this leads The velocity will then be 1,088 
feet pel second, or say 12 4 miles per minute, the time of 
transmission was 6 6 minutes, and the distance of the meteor 
in a straight line was 80i miles, on this hypothesis 



If we imagine a horizontal plane through the summit of 
Mount Hamilton (4,209 feet above the sea) and if we drop a 
perpendicular line from the meteor’s place when it exploded 
(II) we shall be able to fix this place by solving the triangle 
LMK 

L is the place of the Lick Observatory, LK is a plane tan- 
gent to the earth at L, M is the meteor when it exploded, the 
distance LM is 80i miles, the angle at L is 27°, the distance LK 
IS 71 xV miles j MK is 36i miles L is 4,200 feet above the sea, 
and K is about 6,200 feet higher still The distance of M above 
the earth’s surface is about 38i miles, and M is in the zenith of 
a place about 8 miles east and 4 miles south of Merced This 
point IS marked Y on the accompanying map 

Dr O’Brien, Mr Johnson, Mr Stoneroad, and Mr Sanders, 
of Merced, are unanimous in saying that the meteor exploded 
west and south of Merced, it could not have exploded to the 
east of their stations It follows, therefore, that the velocity of 
sound assumed above is considerably too great 
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For a second approximation let us include the observation 
of Mr Carlton, reported by the Chabot Observatory, who saw 
the meteor descend vertically in an azimuth E 25° 40' S 
By consulting the map it appears that the distance from the 
Lick Observatory to the point where the lines from the Lick 
Observatory and from the Chabot Observatory intersect is about 
44 2 miles 

In the triangle Lmn, the angle at L is again 27°, the dis- 
tance Jjn IS about 44 5 miles, the distance Lm is 49 95 miles, 
and mn is 22 68 miles The velocity of sound would be about 
675 feet, and the average temperature about — 270° Fahr 
The earth’s cuivature, together with the height of Mount 
Hamilton, is a little over 1 mile, so that the point m is, say, 
23 7 miles above the eaith’s surface, and in the zenith of a point 
44 2 miles from Mount Hamilton in the azimuth S 84° E 
This place is about li miles south and 21 i miles west of Merced, 
in Sec 38, T 7 S , R 10 E , and is marked U on the map 



On October 12 I received the report of Professor Friend, 
of the Carson Observatory Mr Stewart, of Carson, saw the 
meteor fall vertically behind a building, and noted its position 
with respect to chimneys, etc Professor Friend, using Mr 
Stewart’s description, has kindly measured the angles, etc 
(See his report in Section II ) The observations at Mount 
Hamilton are so full and so consistent that we must conclude 
the meteor to have fallen along the line S 84° E and to have 
exploded at an altitude of 27° The point A (of the map) 
along that line best suits the observations of Carson, Chabot 
Observatory, Merced, Atwater, and Minturn It is in the 
zenith of a point about half a mile south and half a mile west 
of the N E corner ofT 11E,R 8S The point of explosion 
was a trifle over 28 miles above the surface of the earth The 
point A IS adopted as the point in whose zenith the meteor 
exploded 
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SECTION IV 

DETERMINATION OF THE PLACE WHERE THE 
METEOR FELL 

Flora the abstracts of reports given in Section II the diiec- 
tions — healings — in which the meteoi’s path (prolonged) would 
have met the horizon can he inferred The (unbioken) lines 
on the map repiesent these directions In this section it is 
assumed that we already know the point wheie the meteoi 
exploded, namely, 28 miles above A on the map 

The platting was done on a tiacing made fiom the excellent 
map of California issued by the State Mining Bureau in 1891 
The scale was 12 miles to the inch The preceding plate is 
photographically i educed from the tracing 

There are foui main intei sections of the lines drawn, namely, 
B, X, Z, and W Eithei one of these will satisfy a number of 
good obseivations To decide which one to accept, it is neces- 
sary to criticise the lepoits closely In Section II ol this 
paper I have often marked at the end of a report the point (Z, 
X, 01 W) which seems to be indicated by the data there given 
According to the preceding reports, the meteor in falling 
moved noHh to the obseivers at Bakersfield, Hollister, Los Gatos, 
Madeia, Merced, Mmtuin (two independent observers), Mount 
Hamilton (E S H ) San Jose (two observers) 

It moved south according to Mount Hamilton (R H T and 
AFP independent observations), and according to the 
careful observations at College Park Two stations north of 
Meiced, VLZ , Webber Lake and West Point, report its fall as 
nearly vertical, but inclining somewhat to the east 

The following stations report the fall as substantially ver- 
ticalj TLZ Borden, Car son, Crow’s Landing, Fresno, Livermore, 
Los Bafios, Qakland (Chabot Observatory), Riverside, San 
Andreas, Santa Clara, Vallejo, and Visalia It will be noticed 
that these stations are distributed in a circle around Merced 
A number of observers (as above) do not agree that the 
'meteor’s path was vertical At Mount Hamilton I compared 
the direction of fall with a window frame, and observed 
that it deviated to the north The observer at Los Gatos 
referred this direction to fixed marks Hollister saw it dis- 
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appeal behind a shaip peak Two observers at San Josd and 
two at Minturn indicate that it moved noith in tailing 

On the other hand, two obseivers at Mount Hamilton (with 
no fixed maiks, howevei) report its path inclining towaids the 
south The excellent obseivations at College Park give 6° 
foi the amount of the southerly inclination Moieovei, the 
obseivations at Palo Alto aie not to be leconciled with a path 
to the north ot a vertical thiough A on the map 

Undei these cii cumstanccs it seems impossible to decide 
which way the path of the meteor thiough the atmosphoie 
deviated from a vertical line through A on the map 

It IS much to be regietted that the question has to be left in 
so unsatisfactory a state, but I do not xnow how to leach any 
certainty without arbitiarily rejecting obseivations which aie 
pnma /acre trustworthy The best possible conclusion seems 
to be that the fall was, in fact, vertically downwards to the 
point A 

At the time of the explosion, oi lathei series of explosions, 
the meteor must have thrown off many liagments, which 
would be scattered over a veiy considerable area A few of 
these continued towaids the earth, making the blight stieaks 
of the trail 

Heiqht of the Metcoi when it Jh^appeared — It is certain that 
the meteor, as a single mass, did not reach the earth It 
exploded at a height of some 28 miles and left the clouds (A), 
(B), (C) — and three or four fragments (see the repoit of Mi 
Herring, of San Jose) fell Those falling fragments were con- 
sumed 01 dissipated before they reached the earth, so fai as 
can be judged by the eye, probably at a height of some six 
miles above the eaith^s surface It is not possible to fix the 
place whore they fell They are probably confined to a roughly 
ciiculai area having A for center, and ten oi twelve miles in 
diameter It is likely that the fiagments which reached the 
earth were small, and comparatively few in number It does 
not seem likely that a seaich for thorn would be rewarded 
Heiqht of the Meteoi when it First was Visible — Several 
observers saw the meteor a long distance above the point of 
explosion The heights vertically above the point A on the 
map coiresponding to the times of first appearance are, 
approxim atel y — 
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SECTION VI 

THE LUMINOUS CLOUDS LEFT BY THE METEOR 

Sketches of these luminous clouds have been leceived fiom 
Piofessor Sciiaeberle (Mount Hamilton), Mr Johnson (Mer- 
ced), Ml Stewart (Visalia), and a diagiam fiom Mrs Osborn 
(Atwatei) Ml Johnson’s diawing was in colors The first 
thiee are lepioduced in the accompanying plate, and their 
desciiptions aie to be found in Sections II and VII, respect- 
ively 

Besides these we have leceived a beautiful and aitistic watei- 
coloi di awing by Mr CnAUNCE'i St John, which represents the 
meteoi at the instant of explosion in a very faithful manner 
I much regiet that it is not possible to leproduce the water- 
color in this book One veiy mteiestmg thing may be noticed 
in this diawing At the lowoi end of the meteoi’s path, just 
where the path apparently teiminates. Mi St John has drawn 
a zig7ag blanch of the tiail extending southwards and down- 
waids, which is also described in his ropoit I did not myself 
notice this branch at Mount Hamilton It is noteworthy, 
howevei, that such a bianch seen from Santa Clara or Palo 
Alto might have been observed to fix the azimuth of the point 
of fall, and that such an observation would have been too far 
south for the general diiection of the fall It is my opinion 
that this fragment of the meteoi was obseived by the observers 
just mentioned 

The cloud (A) (see the plate) — a large, violet, luminous mass — 
was noticed by evciy one In many descriptions it is referred 
to as ‘^the meteor ” It was seen by Professor Sciiaeberle from 
yu 3Qm gn 2m^ Stewart still saw it at 8'^ 15”" 

This cloud (A) was undoubtedly composed of pai tides derived 
from the explosion of the meteor Its light may have been 
intrinsic, ^ e , these particles may have been hot and self- 
luminous, 01 its light may have been leUected sunlight 

The sun set on July 27 about 7 *^ 17 “ and its lays would still 
illuminate an object 28 miles high at 

It IS not necessary to give any desciiption of the cloud 
(A) in this place, since the reports of many of the observers 
describe it accuiately A very cuiious feature was not seen 
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from Mount Hamilton, namely, the two reddish clouds (B) 
and (C) They are drawn by Mr Johnson and desciibed m 
the seveial reports They gradually separated from the cloud 
(A) and settled towards the earth The suggestion that they 
were composed of the heavier particles of the products of explo- 
sion IS, no doubt, a tiue explanation The difierent shapes 
ol the cloud (A), as seen from difieient stations (Mount Ham- 
ilton, Merced, Visalia), would enable us to construct its real 
shape in space, but a determination of this would have only a 
cuiious value It was not practicable to determine its spectrum, 
which would have been an observation of interest 


SECTION VII 

REPORTS ON THE METEOR OF JULY 27, 1894 

Section II contains abstracts of some of the reports on the 
meteor, particulaily of those which are useful in fixing the 
01 bit The present section is devoted to all the lepoits received 
at the Observatory They are arranged alphabetically by 
towns The Index of Names in Section VIII will enable the 
report of any particular person to be found If the abstract of 
a report given in Section II is a complete account, the report is 
not reprinted here 

Athlone, Cal S P Co ’s Agent 

Meteor seemed to start from a point directly overhead, reaching the earth in 
a southeasterly direction from this place 
[Athene is 3 ust S of Merced ] 

BaiLta,Cal S P Co ’s Agent 
“It fell S E of here " 

Berenda, Cal S P Co ’s Agent 

The meteor lirst appeared about WN W from heie, and about 46® above 
the honzon It seemed to move about south in falling 

Oamthers.Cal S P Co 's Agent 

The observer was facing San Francisco when the meteor came into view 
on the west side of the railroad line, traveling towards the earth, with a 
slight slant towaids the north and west He followed it to (say) from the 
horizon, where it exploded, emitting two short streaks of orange-colored 
light [B and 0?] “A line drawn from Caruthers towards the point where it 
disappeared from view would pass, I thmk, about 3 miles north of Oollis 
or about due N W from here ” * 

[The meteor must have exploded at least 20° above the horizon at 
Caruthers ] 
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Dos Palos, Cal S P Co ’s Agent 

The meteoi “seemed to be neaily overhead” It started “from the SW 
horizon, taking a course nearly N E ” “At a point N E or E N E fiom here 
it burst ” 

[The leport is from heai&ay | 

Elk Grove, Cal (Newspapei report) 

The meteor i cached the earth in the azimuth Elk Grio\ e-Galt 

Farmington, Cal S P Co ’s Agent 
Fell east of southeast horn here 

Flrebaughs, Cal S P Co ’s Agent 

He was in a house, seated, facing N W , and saw the meteor through a win- 
dow It was moving noitheily 

Fowler, Cal (not on the map) Mr Geo A Leon (thiough Hon 11 Tuomp- 

SON) 

The cloud (A) was seen noith of here 

Fremontville, Ventura County, Cal Voluntaiy Obseivei oE the IT S Weather 
Service 

The meteor fell in the N N W 
Fresno, Cal S P Co’s Agent 
Meteor seen from here in nonhwesteily direction 
Keeler, Cal Mi P T Laws, of Hawthorne, Nevada (through lion R 
Thompson) 

Mr Laws was at Keeler, looking at the mountains N W of Owens Tjake 
The course of the meteoi appeared “a little soutli of east, with a slight incli- 
nation to the cast ” “It fell a very little noith of west fiom the summit of 
Mount Whitney ” 

Keeler, Cal Mi C M JIiciiauds (through Hon R Thompson) 

“The fall was 40° or 45° to the northwest,” “north of west ” 

Keeler, Cal (Newspaper lepoit ) 

The meteoi appealed to shoot up fiom the cloudless lion/on It appeared 
to bo a few degrees north of west, and almost ovoi top of Mount Whitney 
Kingsburg, Cal S P Co ’s Agent 
The meteoi fell in the direction of Lathi op 
Livingston, Cal S P Co ’s Agent 

When meteor exploded it was apparently diiectly overhead (and seemed 
to be traveling in a westeily direction It did not appear to be descending, but 
traveling westward at about the same altitude as when first observed ) 

[I suppose the words inside the ( ) to refer to the cloud, not to the meteoi ] 
Merced, Cal S P Co ’s Agent 
It was apparently going noith 
Milton, Cal Observer TJ S Weather Service 
A meteor appeared in the southern sky and burst with quite a report at 
7 30 p M of the 27th, leaving a perpendicular trail of smoke or vapor in the 
previously cleai sky, of about 6° in length, at an altitude of about 40° This 
smoko or vapor kept its serpentine shape foi about five minutes and then 
gradually dilfuscd 

Montpellier, Cal S P Co ’s Agent 

The meteor appeared to be going south of southwest and broke near the 
horizon towards the Coast Range about on a line fiom here to Atwater or 
Livingston 
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Mount Hamilton Edtvard S Holden 

The following observations of the aerolite of July 27 will furnish accurate 
determinations of the altitude and azimuth of the point of first appearance 
of the meteor The times of first appearance, of the arrival of the sound of 
its explosion, and other physical observations, are given by other observers 

I was sitting with my back to a window, reading by the strong twilight, 
about 711 30“^ The page of my book was suddenly lighted up (by an illumi- 
nation due to the explosion of the meteor) The glare was strongly yellow 
I turned and rose from my chair barely in time to see the bright head of the 
meteor (which appeared to me strongly yellowish white) an instant before it 
disappeared a few degrees above the horizon* The sky was perfectly clear, 
though its lower strata were filled with dust particles, which produced a 
strong absorption Above the head of the meteor was the nearly vertical 
streak, or trail, left in its passage I looked at my watch shortly after the 
disappearance of the head of the meteor and noted the time as 7^ 30"^ P s t 
As I was too late to lecord the true time of the explosion, I did not note 
the seconds The streak or trail left by the meteor was some 20° long I 
estimated that its direction was not vertical, but that it was inclined noith of 
the vertical some 5° I aided myself in this estimate by the vertical side of 
the window frame Other observers have, however, recorded that its path 
was inclined to the south of the vertical some 5° or 8° At 30“ the upper 
end of the narrow streak which marked the meteor’s path was a long, bright 
violet cloud, peihaps 20' wide and some 10° long Let us call the upper point 
of this cloud A (corresponding approximately to the point where the meteor 
entered the atmosphere of the earth) I fixed the altitude and azimuth of A 
by moving a table in my study until a line from the corner of the table 
through the corner of one of the window panes passed through the point A 
While I was engaged in doing this I heard at least thiee reports of the explo- 
sion of the meteor and noted the time (only approximately) as 7^ 36“ 5 The 
cloud A changed its shape from a nearly vertical line to that of a reversed L 
(thus _| ) at 37“ , and at *1^ 41“ there were two bright, large oval knots on 
— 1> hand (north) extremity of the lower branch, the other 

less bright, at the intersection of the two branches The brighter knot was 
still visible at 7^^ 47“ The altitude of A was 26° 57' at about 711 36“ The 
azimuth of the east wall of my house is S 12° 29' E The azimuth of A 
was S 83° 04' E at about 7*^ 35“ These coordinates are probably light to 
within S(y or so These figures agree closely with those of Professor Camp- 
bell (27° and 84%°) 

The times corresponding to the first appearance of the meteor, and to its 
explosion are given in the notes of other observers which follow These 
times, together with the altitude and azimuth of A lust determined, com- 
pletely determine the position of the meteor when it exploded, as seen from 
Mount Hamilton 

Mount Hamilton Prof J M Sohaebbrle 

The noise of the explosion was heard at 7^ 36“ 15’ d= 3’ At first thought itl^*' 
was due to blasting in the neighborhood, and on looking in the direction 
from which the sound came my attention was attracted to the vividly bright 
cloud of smoke left by the explosion It had the appearance of being self- 
luminous, when first seen The main cloud streak was nearly vertical, about 
3° long, with a fainter and narrower streak extending downwards nearly to 


* About 5° or BO 
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the horizon, then gradually changed into an shaped figure, the brightest 
portion of which was at the lower left hand extremity of the outline The 
illumination was last seen with certainty at 8^ 2>", when it was 2° or 3° to the 
northeast of Altair 

[The sketches by Professor Bchaeberle are copied in the preceding plate] 

Mount Hamilton Prof E E Barnard 

[The observations of Professor Barnard were communicated by him to the 
Astronomical Journal^ and are printed in full in No ^28 An abstract is given 
in Section II ] 

Mount Hamilton W W Campbell 

On coming out of one of the residences at 7*^ 32*" ray attention was called 
to a remarkably bright streak in the eastern sky It was light blue in color, 
and had a metallic luster Jt was about 8° long, and substantially vertical m 
direction The upper half was very bright, while the lower half was com- 
paratively faint, with here and there a bright condensation The column 
did not seem to be moving, vertically, but it gradually became crooked, as if 
under the action of air currents There were whirls in it, such as one sees in 
smoke columns At 7'* 36'" 14 a two e\plosions were heard They were of 
about equal intensity, probably half 4 second apart The reports were such 
as I have often heard when I have been a mile or two from blasting in stone 
quarries The reports seemed to come from the east 

Shortly after the explosion I estimated that the upper end of the bright 
column was 4° below and 8® north of the first magnitude star Altair The 
altitude of the top of the column was then, therefore, 27°, and the azimuth 
was S 84%° E I watched the column until about 7^' 45"*, when it was still 
plainly visible, though very much distorted and broken up 

There is practically no doubt that the phenomena observed were due to the 
falling of a large meteor, which exploded to the east of Mount Hamilton 

Mount Hamilton R H Tucker, Jb. 

I heard two reports of the explosion (the second the louder) at 7^‘ 36*" 18® 
zh 3*^ The trail was seen 4% minutes before this time The brightest part of 
the trail was some 3° or 4° long Above it a very faint line extended from 
12° to 16° farther The plane of the whole trail was nearly vertical, but a 
little south of the vertical plane 

Mount Hamilton C D Pbrrinb 

While sitting in my room in the brick house my attention was attracted by 
a dull, heavy explosion, followed in a short interval of perhaps half a second 
by one nearly as heavy as the first Taking out my watch I found the P s t 
to be ?»* 36*« 11® d= 5®, 

The sound apparently came from the east, and the building seemed to 
rattle a little, such as might be expected from a heavy air wave, but I did not 
notice any shaking of the floor 

1 had a light burning in my room and therefore did not see anything of the 
meteor, and supposed the noise 1 heard was due to some other cause until I 
learned otherwise an hour and a half later 

Mount Hamilton A F Poole 

I noticed the light from the meteor about 1% seconds before it burst The 
head of the meteor was moving rather slowly, and it came within a few 
degrees of the horizon and exploded at 7^ 29**^ 46® ± 10® P s t The color of 
the head was greenish The path of the meteor was nearly vertical, the 
plane of the path was south of the vertical some 6° or 8° 



28 


The Meteor of July 57 , i 8 g^ 


Newcastle, Cal C H KisLLose 

On the 27th, a little after 7 o’clock, a hnlliant meteor or ball of fire buist 
into view about 45° above the western horizon and although the sun had 
set but a few minutes before, the light of the meteor as it sepaiated into two 
large balls and exploded, was so dazzling as to blind the eyes for an instant 
The object appeared to be very near, but no report was heard from the explo- 
sion, as It was expected there would be, and was listened for 

Oakdale, Cal S P Co ’s Agent 
It seemed to fall south of here 

Raymond, Cal (not on the map) S P Co ’s Agent 

“The falling meteor appeared almost due west from here It seemed to be 
traveling %n a southeily direction ” 

Rio Vista, Cal Observei U S Weather Service 
At 7 30 p M of the 27th, a brilliant meteor was observed almost exactly in 
the southeast, having a motion from the northwest, leaving a visible train of 
bluish smoke, which lasted for over 20 minutes Elevation when first 
obseived, about 36° 

Ripon, Cal S P Co ’s Agent 

“ The meteor appeared to take a southeasterly course It seeiped to explode 
when near the earth Eumbling noise and renort were heard here about 8 
minutes after it was seen ” 

Stockton, Cal J T SuMMERViLiii, Esq , attorney at law (through Hon E 
Thompson) 

Mr Summerville was driving southward from the SW boundary of 
Stockton He saw the meteor before explosion, and heard “a sizzling noise ” 
as it descended It then burst and disappeared About 3 or 4 minutes later 
mee distinct detonations were heard “The meteor appeared to me as if it 
were falling in a southeasterly direction, somewhere about French Camp ” 
[French Camp is about south of the centei of Stockton ] 

Tehachapi, Cal Wells, Fargo & Co ’s Agent (through Hon R Thompson) 
The meteor fell directly N W of us It seemed to be a little north of 
Bakersfield from here 

Tracy, Cal D S Troth, Wells, Fargo & Co’s Agent (thiough Hon E 
Thompson) 

Meteor was first seen at about 7 28 or 7 30 p m , and the explosion was here 
about 7 35 or 7 36 p m The sound resembled very much that of blasting at a 
distance Was traveling a little west of southeast at a very rapid rate of 
speed, and downward , left light-colored streak behind, which was somewhat 
lighter than that of ordinary smoke, which was visible for about 25 minutes 

Turlock, Cal S P Co ’s Agent 

Meteor was seen by a number of people about 7 45 p m , July 27th , course, 
southeast The report fiom it was heard about 5 minutes after its passage 

Turlock, Cal Observer U S Weather Service 
About 7 30 p M of the 27th, a very brilliant meteor shot across the sky from 
noithwest to southeast, visible for about 15 to 20 minutes before the smoke 
fiom it entirely disappeared 

Ukiah, Cal Mr G T Rhodes 

The whole phenomenon was seen ‘A line drawn from Ukiah to Tulare 
Lake by the map is the direction of its fall from here ” 
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Ventura, Cal Observer U S Weather Service 
At 7 15 p M on the 27th, a wonderfully brilliant meteor was seen in the 
north-northwest, about 10° above the horizon, which left a luminous cloud of 
changeable form, visible for half an hour 

Visalia, Cal G W Stewart [See the plate ] 

At 7 30 PM * * * “a meteor was observed m a northwesterly direction 
from Visalia The descent was almost vertical A perpendicular fleecy col- 
umn, about 15° in length, remained to mark the meteor’s path, retainmg its 
original position for nearly 15 minutes The ends were very thin The 
diameter varied little, except near the center, where an oval-shaped mass 
of a steel-blue tinge shone brilliantly After 15 minutes the column was 
reduced in length by the disappearance of each extremity , the upper end 
began to fall to the westward, and the whole was broken into an angular 
line In 25 minutes the sharp angles disappeared In 30 minutes the upper 
end had descended very nearly to a horizontal with the lower end In 35 
minutes the cloud was the shape of the upper half of a loop, with the ends 
larger and more luminous than the center At 8 15 the cloud was barely 
visible to the naked eye The tram drifted very slowly to the westward ” 

■Winnemucca, Nev Bishop H W Warren 

“ The line of light inclined slightly to the right from the perpendicular, 
and went behind the hills about 12° to the right or north of the trend of the 
track west of Winnemucca ” The smoke remained m sight for 15 minutes 
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SIMUlTANEOnS MBTEOE OBSERTATIONS, 

MADE AT 

MOUNT HAMILTON AND MOUNT DIABLO. 


DenmHon of the Fornfi'iilse for Determimng Meteor Heights, 
and Application of the same in the Reduction of the Meteor 
Observations of August 9—10, 1894 

By J M SCHABBBRLB 


The observations discussed in the present paper were the 
first of the kind ever made at Mount Hamilton, and, indeed, 
the first that I, in common with the other observers, had ever 
made The results must, therefore, be considered in the light 
of preliminary work, which tends more to make plain the 
difficulties to be overcome in future observations than it does ’ 
to increase our knowledge of the meteors 

In our latitude the direction of the August meteors which 
can be conveniently observed, is such, that near the zenith the 
motion IS always southwesterly, consequently the direction of a 
line joining the two observing stations should be northwesterly, 
if the most favorable conditions are desired To diminish the 
effects of personal errors of observations, the distance between 
the two stations should be of the same order of magnitude as 
the heights of the meteors Mount Diablo, a U S Coast 
Survey station, 40 miles from Mount Hamilton, and west of 
the north point, seemed to be the moat suitable location for a 
second observer, it is 616 feet lower than Mount Hamilton, 
and IB one of the most accurately determined stations in the 
United States 

The observers at Mount Hamilton were Messrs Colton and 
Perrine, of the Lick Observatory Their methods of observa- 
tion, etc , are fully described in their own words farther on. 

Mount Diablo was occupied by myself, supplied with a time- 
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piece, and seveial tracings of a celestial chart, containing th 
easily visible naked-eye stars, on which the meteoi paths wei 
inserted 

The watch correction was determined daily by flash-ligh 
signals sent from the Lick Observatory 

The method of meteor observation was as follows 

The instant a meteor was seen, and its path with lefcienc 
to neighboring stais mentally noted, the obseiver commence( 
counting (seconds) zero, one, two, etc , until the watch time o 
a particular count was obtained The coirect time and meteo 
number were then recorded, and the meteor tiail and numbe 
inserted on the map Miniature lepi eductions of the two mapi 
are given in Plate IV 

I was alone on the mountain, and on both nights the obser 
vations were occasionally interrupted, in ordei to make prep 
arations for the greater comfort of both man and hoi so, th( 
wind being unexpectedly strong and disagreeably cold Theit 
IS absolutely nothing in the way of a building on the mountain 
top to afford sheltei for man or beast Duiing the day T wag 
quartered at a small hotel, located about two miles from the 
summit 

All my observations were confined to the south of the zenith 
and within thirty oi forty degices of the vertical plane passing 
thiough Mount Hamilton 

In Older to inciease the chances of observing the brightei 
meteors the fainter ones were not recoided, as it was practi- 
cally ceitain that the brightei ones at a given altitude would 
be the ones visible in the northein sky of Mount Hamilton, 
where they would probably also be of the same ordei of bright- 
ness The faintest ones seen at Mount Diablo were piobably 
to the south of the Lick Observatoiy, and consequently, would 
not be observed theie If, on the other hand, the faintness was 
due to causes not depending on tho distance alone, the Mount 
Hamilton observers would be more likely to overlook the 
faintei ones, on account of the fai greater number of meteors 
visible in the northern sky 

In the reduction of these observations much time was wasted, 
owing to the fact that the published formulfo of Klinkeui^ues 
were found to contain seiious errors,* to which I have since 
called attention elsewhere 
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As there appears to be no easily accessible discussion of this 
particular branch of the meteor problem available m the Eng- 
lish language, I have deemed it well to give, in a brief way, the 
successive steps leading up to the desired expressions 

For determining whether the same meteor was observed at any 
two stations, the following two mam conditions must be fulfilled 
First — The times of observation must correspond to the 
same absolute instant 

Second — The two points on the celestial spheie at which 
any particular point of the meteor^s path — as, for instance, the 
beginning or end — are projected, must always lie in a plane 
which passes through both points of observation 

The first condition is determined by simple inspection of the 
coriected times at the two stations 

The meteor observations corresponding to the same absolute 
instants — allowing, of course, for the unavoidable errors of the 
observers in making their time estimates — are then to be 
examined to learn whether the requirements of the second 
condition are fulfilled 

Let Ri denote the distance from the earth’s center to the 
first station. 

Let cp\ denote the geocentric latitude of the first station, 

Let 6'i denote the local sidereal time of observation at the 
first station, 

Let the corresponding quantities referred to the second sta- 
tion, be respectively Ea, <p' 2^ and 6^2, 

Let K denote the length of the straight line joining the two 
stations, and let Aa and Da denote respectively the right ascen- 
sion and declination of the point in which this straight line 
cuts the celestial sphere, as seen from the first station looking 
in the direction of the second station at the sidereal time 
The rectangular coordinates of the two stations referred to 
the center of the earth and the celestial equator as the funda- 
mental plane, with the + axis of X directed to the vernal 
equinox, the + axis of Y directed to a point in the equator 
whose right ascension is 90 °, and the + axis of Z to the north 
pole, are then given by the expressions 


Xi == Ri cos (p\ cos 61 

(1) 

Yi = Ri cos (p\ sin 

(2) 

Zi = Rx sin <p\ 

( 3 ) 


for the first station, and 
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X2 = R2 cos cp\ cos ^2 (4) 

Y2 = II2 cos cp\ sin 6*2 (5) 

Z2 = II2 sin cp\ (6) 

for the second station 

Ifj now, we conceive the first station to be at the oiigin of a 
system of cooidinates whose axes are parallel to those of the 
system above described, the corresponding cooidinates of the 
second station referied to the first will evidently be the same 
as the diffeience between the geocentric coordinates of the t^vo 
stations, so that we can wiite 

K cos D2 cos Aa = X2 — Xi (7) 

K cos D2 sm A2 = Y2 — Yi (8) 

K sin D2 = Z2 — Zi (9) 

Substituting for the values of the terms in the second mem- 
bers the expiessions given above, we have 

R2 cos (p\ cos — Ri cos cp\ cos = K cos D2 cos A2 (10) 

R2 cos cp\ sin ^2 — Ri cos (J)\ sin ^1 = K cos Ds sin A2 (11 ) 

R2 sm cp\ — Ri sin (p\ = K sin D2 (12) 

From which the distance K and the angles A2 and D2 can be 
readily found 

As the value of Aaincieases uniformly with <i^i,the quantity 
Bx — Aa will be a constant for any two given stations, and cor- 
responds to the hour-angle r of the second station as seen fiom 
the first 

If the coordinates of the second station are unknown, and it 
can be seen from the first station, the zenith-distance <§ and 
the azimuth //; of the second station, as seen from the first, 
can be measured directly with a theodolite, and the distance, 
expressed in terms of any convenient unit, can be found by 
triangulation or fiom an ofiicial map The hour-angle r 

(= 6*1 — As) and the declination Da can then be found by 

means of the expressions 

sin D2 = sin cos 5 — cos sin <2 cos ip (13) 

cos Da cos r = cos COB <2 + sm (pi sm <2 cos tp (14) 

cos Da sm r = sm <2 sm ?/’ (15) 

In which IS the geographical latitude of the first station, which 
must then be reduced to geocentric latitude [for substitution in 
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equations (36), (37), and (38) ] by the addition of the known 
quantity (p\ — <pi The distance between the two stations 
expressed in terms of any desired unit must be divided by the 
numbei of units in the earth’s equatorial radius 

Now, let O'! and dj denote lespectively the right ascension 
and declination of a meteor as seen fiom the first station, and 
let da denote the place of the same meteor as seen from the 
second station, then the three points on the celestial sphere 
whose coordinates are Aa, Da, di and ^a, da must all lie on 
the arc of the same great circle 

Let I denote the inclination of this great circle to the celes- 
tial equator, and let SI denote the right ascension of one of the 
two points where the circle cuts the equator, then the following 
expressions must be satisfied within the limits of the errors of 
observation 

tan Da = ± sin (ft — Aa) tan^I (16) 

tan di = ± sin (ft — tan I (17) 

tan da = ±: sm (ft — tan I (18) 

If the upper sign + results from any one solution, the other 
two equations must also be satisfied with the plus sign, and 
vice versa Eliminating ft and I, we finally obtain the funda- 
mental expression 

tan Da sin (nra — ai) — tan dj sin (<afa — Aa) -f q. 

tan da sin — Aa) = 0 ^ ^ 

In actual practice, even when the same meteor is observed 
at both stations, equation (19) will not in general be exactly 
satisfied, owing to the unavoidable eriors of observation Just 
how great an inequality of the two members of the equation 
may be allowed will depend largely upon the character of the 
observations and the relative positions of the three points 
The most expeditious procedure is to plot the three points* on a 
celestial globe, and see whether they lie on or near the arc of a 
great circle 

If Pi and p 2 denote respectively the distances of the meteor 
from the first and second stations, the meteor’s rectangular 
equatorial coordinates leferred to the first station as an origin, 
will be 


*The point AaD^ is fixed relatively to the observer’s horizon 
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Xi = Pi cos di cos Ofi 

(20) 

yi = Pi cos dj sin oc^ 

(21) 

Zi = Pi sm di 

(22) 


While the expressions for the meteor’s cooidinates referred 
to the second station as an origin, aie 

Xa = Pa cos dg COS (23) 

y2 = P 2 cos ^2 sin oL^ (24) 

Za = P 2 sin da (25) 


Now, the difference between the two sets of coordinates for a 
given meteor must evidently always equal the difference between 
the coordinates of the two stations, so that we can at once write 

Pi cos dj cos <afi — P2 cos da cos £^2 = K cos Da cos Aa (26) 
Pi cos dj sin Oil — P2 cos da sin cos Da sin Aa (27) 

Pi sin dj — Pa sin da = K sm Da (28) 


To obtain an expression for pi involving only known quan- 
tities, multiply equation (26) by sin and (27) by cos 0:2, 
then subtracting one equation from the other, we readily obtain 


Pi = K cos Da 


sin (^a — Aa) 
cos di sin (O'a Oil) 


(29) 


Similarly, by multiplying (26) by sin oc^ and (27) by cos 
and taking the difference, we have 


pa == K cos Da 


sin (ofi — A ) 
cos da Bin (<^2 — 


(30) 


It Will be noticed that when oc^ and are of nearly the same 
magnitude, or when they differ by nearly 180®, errors of obser- 
vation will lender the resulting values of p — ^found by means 
of equations (29) and (30) — extremely uncertain, so that these 
formulae aie not applicable when the parallactic displacement 
in right ascension is small 

To obtain an expression for p for such cases, we proceed m 
the manner indicated by Klinkerfues 

Multiply equation (26) by sin da cos 0:3, equation (27) by 
— sm da sin and (28) by — cos da cos 2 0:2 Combining these 
equations so as to eliminate Pa, we obtain 
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« sm cos D 2 cos ( 0^2 H~ Aa) — CO 8 ^2 sin D 2 cos ^ 

sm S cos ^ cos (^2 "I" ^1} ““ cos <^2 sm cos 2 <3^2 

SiiQilarly, if we nmltiply (26) by sin cos ot.^ and (27) by 
— sm sm and (28) by — cos cos 2 and eliminate pi, 

we get 

■XT sm dj cos T>2 cos (n^i + A2) — cos di sm D2 cos 2 ofi (5^9.) 
Sj cos da cos {o[2+ Oil) + cos di sm d^ cos 2 ^ 


In the expression for Pa, equation (32), the signs of the terms 
in the denominator are the opposite of those of the correspond- 
ing terms in (31), otherwise the two expressions are symmet- 
rical 


Let (X, d, and R denote respectively the geocentric right 
ascension, declination, and distance of the meteor The geo- 
centric rectangular equatorial coordinates x, y, z, will then be 


given by 


X = R cos d cos a 
y = R COB d sm a 
z = R sm d 


(33) 

(34) 

(35) 


Now, each coordinate of the meteor leferred to the center of 
the earth as an oiigin, is evidently equal to the corresponding 
geocentric coordinate of either station plus the coordinate of 
the meteor referred to the same station, so that we can at once 
write the equations 

R cos d cos « = Ri cos (p\ cos dj -I- pi cos dj cos cxi= (qq) 
R 2 cos cp '2 cos 62 + P 2 cos da cos ^2 ^ ^ 

R cos d sm or = Ri cos <p\ sm 9j + Pi cos di sm 

R cos <p ^2 sm da + P 2 cos da sm ^2 

"R sm d = Ri sm + Pi sin di = R 2 sm <p*2 + Pa sin da (38) 

Which serve to determine the values of or, d, and R 

The height h of the meteor above sea-level is then found from 

h = (R — R'> cos ( 9 ' — 9 ) (39) 

In which R' is the radius-vector of our spheroid corresponding 
to the geocentric decimation d or the equivalent latitude 9 ', the 
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geographic latitude being cp But as ( ^' — never exceeds 
12', equation (39) can be written without serious eiioi 

h = R — R' (40) 

Multiplying h by the length of the eaith’s equatorial radius, 
expressed m teims of any desired unit, the height of the meteor 
above sea-level will be given in teims of the same unit 

To find the terrestrial west longitude A. corresponding to the 
right ascension ol we have 


^ = Ax + (6'i — ^r) == A 2 + (^2 — oc) (41) 

A and d (= <^') being respectively the (west) longitude and lati- 
tude of that point on the earth’s suiface from which the meteoi 
would be seen in the geocentiic zenith 

By plotting the values of A and cp* for the beginning and end 
of the path, and having determined /? for both ends, the azimuth 
of the vertical plane in which the meteor was moving, the in- 
clination ot its line of motion to the normal, and the resulting 
length of the visible path can be found graphically, and if the 
duration of visibility is given the velocity of the meteor also 
becomes known 

At the close of this paper, in discussing the numerical results 
obtained from the simultaneous observations recorded faither 
on, I shall offer a few suggestions relating to methods of obsei- 
vation less liable to give erroneous results 

In the following tables are recorded the number of the me- 
teor, the Pacific standard time of observation, and remarks on 
the brightness, velocity, and angular length of the visible path 
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TABLE I 


Mount Diablo Observations of the August Meteors — August 9, 189 Ji . 


Very bnght 
Very swift 
Short, bright 
Bright 
Long, bright 
, Faint, swift 

Not a Perseid Short and faint 
Bright and long 

Uncertain, seen by averted vision 
Bright and long 
Bright Not very good 
Swift 

Long, bright, swift 
Very brignt 
Very swift 
Short, swift 

Minute may have been 43 Very short and very 
bright 

Faint and swift 

Bnght and swift 

Bnght and swift 

Swift Not very good 

Faint and swift 

Bright 

Swift 

Swift 

Swift 

Swift 

Swift 

Swift and bnght 
Slow and bright 
Bright 

A very bnght meteor from Cassiopeia to Job’s 
Coffin In bursting it illuminated surrounding 
country, although the morning twilight was 
already very strong 


No 

Pacific Standard 
Time 

1 

91^ 

28"^ 

33a 

2 

9 

45 

16 

3 

10 

10 

46 

4 

10 

21 

49 

5 

10 

40 

36 

6 

10 

46 

61 

7 

10 

56 

61 

8 

10 

58 

59 

9 

11 

9 

36 

10 

11 

28 

53 

11 

11 

65 

69 

12 

12 

1 

30 

13 

12 

7 

31 

14 

12 

11 

31 

16 

12 

14 

314= 

16 

12 

23 

31 

17 

12 

X42)? 

38 

18 

13 

4 

31 

19 

13 

8 

23 

20 

13 

9 

16 

21 

(13 

13 

11) 

22 

13 

14 

43 

23 

13 

30 

41 

26 

13 

37 

31± 

28 

14 

3 

11 

30 

16 

19 

11 

31 

16 

24 

46 

32 

16 

29 

13 

33 

16 

37 

41 

34 

16 

41 

7 

36 

16 

49 

21 

1 36 

16 

11 

1 
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TABLE II 


Mount Diablo Observations of the Atjoust Meteors— A wgrwsi 10 ^ 1894 


No 

Pacific Standard 
Time 

Duration. 

Bemarks 

1 

91 ^ 

10“ 

468 

18 

Long, bright, swift 

2 

10 

43 

27 

_ _ 

Swift 

3 

10 

46 

47 



Swift Not bright 

A 

jlO 

49 

32 



Faint 

4: 

(10 

61 

17 



Faint, swift 

5 

10 

65 

2 

-- - 

Swift 

6 

11 

7 

36 



Faint 

7 

11 

9 

44 




8 

9 

11 

11 

9 

21 

68 

34 

- 

Lo^, bright 

10 

11 

22 

42 


Swift, bright 

11 

11 

29 

2 



12 


30 

32 




111 

34 

02 

_ _ 

Long, bright 

13 

[11 

14 

441 

-- 

Bright, swift, and long 

16 

11 

45 

42 



16 

12 

0 

± 

--- 

Very long, very bright 

17 

12 

5 

67 





12 

IS 

2 


Bright 

19 

12 

13 

22 



Very bright 

20 

12 

38 

32 


Long and very bright 

21 

12 

40 

2 



22 

12 

42 

32 



Long and very bright 

Bright Several meteors lost before this one 

24 

12 

69 

61 


26 

13 

6 

32 


Bright Lost one after this near Fomalhaut 

27 

13 

11 

42 



Swnt 

28 

13 

20 

22 



Bright 

29 

13 

20 

27 



Bright Follow each other quickly A third one 






in same neighborhood not mapped 

30 

13 

22 

47 

__ 

Very bright 

31 

13 

32 

32 


Very bright 

36 

13 

46 

64 


Short, quick 

36 

14 

17 

32 


Swift 

38 

14 

22 

2 


Very bright Exactly through Fomalhaut 

39 

14 

26 

67 


Bright 

40 

16 

6 

32 

— 

Swift, bright 

At about lO^i 22“±:3“ a very bright meteor in 






Scorpio left a train visible lor 10® 
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The corrected time corresponding to each meteor path 
observed at Mount Diablo was first compared with the times 
recorded at Mount Hamilton, and wherever as a rule the two 
times differed by less than 10®, both meteoi paths — as seen 
from the two stations — were plotted on a star map and the 
coordinates, right ascension and declination, of both ends of 
the path read off and recoided foi each station 

These coordinates were then transferred to a celestial globe, 
together with the point in declination Da, having the light 
ascension Aa at the sidereal time of observation If the 
same meteor was observed at both stations, then of the two 
great circles passing through the point A Da, one must pass 
through the two projections of the beginning of the path, and 
the other great circle must pass through both ends (in pro- 
jection) of the same path, allowing for possible deviations 
due to personal and other errors of observation 

Whenever these conditions weie not fulfilled, no fuither 
attention was paid to that particular set of observations 
The pairs of observations, which a pnon seem to belong to 
the same meteoi, are given in the two following tables, together 
with the coordinates of the beginning and end of each observed 
path 

TABLE III 


Mount Diablo Observations 


Date 

Meteor 

No 

Pacific 

Standard 

Time 

Beginning 

End 

( X 2 

^2 

or2 

62 

Aug 9 

8 

lO^i 58'^ 69 b 

368® 5 

+ 31° 6 

344® 6 

+ 16°0 

9.— 

20 

13 9 16 

343 0 

- 

-14 7 

330 0 

— 17 0 

9.— 

28 

U 3 11 

369 0 

+ 13 0 

346 0 

— 8 5 

9.— . 

31 

16 24 46 

33 0 

— 

-14 0 

28 0 

— 26 0 

9-— 

33 

16 37 41 

34 0 

- 

-30 

8 0 


9-... 

35 

16 49 21 

12 0 

- 

- 6 6 

7 0 

— 17 0 

10-.„ 

4 

10 61 17 

318 6 

- 

-20 6 

312 0 


10„„ 

7 

11 9 44 

360 0 

- 

-16 0 

342 0 

4-7 0 

10-- 

9 

11 21 34 

4 6 

- 

-28 6 

365 5 

-1-23 0 

10— 

184 

12 13 2 

323 6 

- 

- 9 6 

306 0 

— 12 0 

10— 

39 

14.26 67 

4 0 


-16 6 

361 6 

— 37 0 

10— 

40 

16 6 32 

40 0 

+ 90 

12 0 

— 21 0 
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TABLE IV 

Mount Hamilton Observations 


Date, 1891 

Meteor 

No 

Pacific 

Standard 

Time 

Beginning 

End 

ax 


OCi 

Si 

Aug 9... 

38 

10^ 59“ — ’ 

18° 5 


h56°5 

353® 5 


h60®5 

9-. 

120 

13 9 10 

311 0 

- 

-45 0 

305 0 

_ 

h36 0 

9-- 

166 

14 3 12 

347 0 

- 

-31 0 

336 0 


-20 0 

9„ 

220 

15 24 54 

350 0 

- 

h82 0 

126 0 

_ 

h85 0 

9-. 

227 

! 15 37 32 

28 0 

- 

-63 5 

323 0 

_ 

-63 5 

9... 

232 

15 49 18 

348 5 

_ 

-2S 0 

336 6 

_ 

-16 0 

10.. 

33 

10 51 7 

268 0 

j 

1-78 6 

261 0 

_ 

-85 0 

10... 

43 

11 9 43 

165 0 

- 

h70 5 

167 5 


[-64 5 

10... 

53 

11 21 29 

17 5 

- 

-57 5 

8 0 


-64 0 

10- . 

94 

12 12 67 

277 5 

- 

-62 5 

265 ^- 


30 -h 

10... 

276 

14 26 9 j 

292 5 


70 0 

272 0 


61 0 




287 0 


66 5 

278 6 


69 6 

10 -- 

333 

15 6 40 1 

260 0 


73 5 

244 0 


65 0 




260 0 


76 0 

249 5 


65 0 


Of the two sets of cooidmates given for Nos 276 and 333, the 
Tipper figmes refer to Mr Colton^s obseivations, the lower ones 
to those of Mr Perrine, both observers having in these two 
cases recorded the same meteors In the reductions the mean 
values were used 

The numbers corresponding to obseivations of piesumably 
the same meteor are, therefore 8-38, 20-120, 28-166, 31-220, 
33-227, 35-232, 4-33, 7-43, 9-53, 18^-94, 39-276, and 40-333 
This notation will be used to designate any particulai meteor 
under discussion 


Reduction of the Observations 

As I have taken Mount Hamilton as the first station, all the 
symbols having the subscript 2 will, therefore, refer to the 
Mount Diablo end of the base line 

The following quantities aie deduced fiom data given by the 
U S Coast and Geodetic Survey (see Publications of the Inch 
Observatory^ Vol I, page 175) 

f Longitude of Mt Hamilton = 121° 38' 35" 8 

^ Latitude of Mt Hamilton ™ = + 37 20 24 8 

grap 1 C Qf Diablo = <^2 = -|- 37 52 48 7 

Distance of Mount Diablo from Mount Hamilton = 40 095 
geographical miles 
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Azimuth of Mount Diablo from Mount Hamilton = tp = 158° 
17' 45", measured from the south point towards the west 
I found that the logarithm of the teriestrial radius-vector 
Ri for the Lick Observatory, as published in the various 
Nautical Almanacs, refers to sea-level for both the Bessel and 
Clarke spheroids, it is therefore in error by about eight- 
tenths of a mile, or 874 units of the seventh decimal place of 
log Ri The correct value of log Ri I find to be 

log Rx = 9 99956 

And for Mount Diablo I find the value 

log Rz = 9 99954 


To find K we divide 40 095 by the number of miles in the 
earth’s equatorial radius, and obtain 

log K= 8 00509 


Next, to find the true zenith-distance 5 of Mount Diablo as 
seen from Mount Hamilton it is lequired to find the angle 
(180° — <§) opposite the side Rain the plane triangle whose 
sides are Ri, R 2 , and K This will be given by the expression 


1 _ K) ^ (Ra — Rx + K) ^ 42 ) 

2 Ri K ^ ^ 

From which we obtain 

<§ = 90° 23' 40" 


sin 


H180°-5)=J 


Substituting the above values of and 5 in equations 

(13), (14), and (16), we obtain 

Da = 47° 15' 9 
r=<?x — Aa = 146° 58' 6 

Consequently for any given observation at the sideral time 61 
^ we have 

' Aa = <9i— 146°58'6 

Had all the coordinates of Mount Diablo been given, equations 
(10), (11), and (12) would have been used to find K, D , and 
A The lesulting value of Aa would then correspond to the 
assumed sidereal time at Mount Hamilton, 01 62 = ^1 — 
{X — ^x) at Mount Diablo 
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The above computed values of r and D 2 were the ones used 
in the preliminary tests for determining whether the same 
meteoi was observed at both stations, and by means of which 
those observations given in Tables I and II were selected as 
fulfilling the two main conditions 

The values of Pi and Pa can now be found by means of equa- 
tions (31) and (32), in preference to those of (29) and (30), as 
the parallactic displacements are greater in declination than 
they aie m right ascension If the lesulting values of pi and 
P 2 were exact — that is, if there were no errors of obseivation — 
the substitution of either pi 01 Pz in equations (36), (37), and 
(38) would result in the same values of R, a:, and d 
Owing to the errois of observation, however, more accurate 
results will be obtained by using the values of pz in the present 
case, as the Mount Diablo observer’s line of vision was moie 
nearly at right angles to the meteoi paths than was the case 
for the observers at Mount Hamilton As the direction of 
vision at the latter place was less inclined to the meteoi paths, 
a given error of observation will ‘cause a greater error in the 
final result [found by means of equations (36), (37), and (38)] 
if we use the observed values di, than it will if the quantities 
da are substituted 

I have consequently taken as the adopted values of /i, a, and 
d those which result from the substitution of pz in equations 
(36), (37), and (38) In order, however, to illustrate how 
much the errors of observation change the character of the 
computed results, the abnormal cases have been re-computed, 
using the value of p , instead of Pz 

In each case I have added the data — azimuth, — inclina- 
tion to the noimal and actual length of visible path, thus 
giving the complete determination of the meteor’s motion 
relatively to the earth’s suiface The coordinates, latitude 
(^) and longitude (1), are geographical, the angle <p being 
found from 

^ + 0^ 11' 3 

cp' being the same as the geocentric declination d given by 
equations (36), (37), and (38) A, is the longitude west fiom 
Greenwich h is the height in miles ^ and ^ are, respectively, 
the azimuth and zenith-distance of the point towaids which the 
meteoi is moving L is the actual length of the meteor’s visible 
path expressed in miles 
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To assist m deciding whether the especially abnormal results 
(cited below), for some of the cases of the above table, are simply 
caused by eriois of observation, oi whether they are due to the 
fact that the same meteoi was not observed at both stations, 
new heights were computed, using data referred to the Mount 
Hamilton end of the line K That is, in equations (36), 
(37), and (38) the expressions containing the subsciipt 1 were 
used, instead of those having the subscript 2 , the latter were 
employed in obtaining the results given in Table III 

Nos (20-120) These observations possibly refer to two dif- 
ferent meteors The new heights also make the end of the 
path higher than the beginning 

Nos (28-166) This can hardly be called an abnormal 
case, but as the height at beginning is considerably greater 
than the average of the others, I computed the new values and 
obtained 68 30 and 60 63 miles for the beginning and end, 
respectively, so that it is practically certain that both obser- 
vations refer to the same meteor, the discordance between 
the first and the new values of the height at the beginning 
being due to errors of observation 

Nos (33-227) Doubtless refer to the same meteor, for the 
new heights make the meteoi approaching, we find for the 
beginning Ih = 29” 36, and at the end ft. = 27“ 25 
Nos (35-232) The azimuth is discordant, but probably 
due to errors of observation, as the new azimuth is still more 
discordant, while the new heights agree fairly well with those 
given above, being for the beginning 78“ 41, and for the end 
34“ 14 

Nos (7-43) Probably refer to two different meteors, the 
tabulated azimuth is very discordant 

Nos (18-J-94) Same meteor, same remarks as for (33-227), 
the new heights are 32“ 95 and 27“ 25 for beginning and end, 
respectively 

Nos (39-276) Probably refer to two diffeient meteors, as 
the azimuth is discordant, and one of the heights is improba- 
ble, the new heights are 16“ 80 and 0“ 72— also an improbable 
result The difference between the times of observation, 12’, is 
also suspiciously large 

Nos (40-333) Probably same meteor The new values are 
at beginning, ft. = 25“ 86, at end, A = 10“ 59 That this large 
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deviation from the tabular values can be accounted for by the 
eriors of observation, will be appaient from an inspection of 
the data given in Table IV, from which some idea can be 
gained as to the magnitude of these errors 

For both No 276 and No 333 two different observers recorded 
the positions of the same meteors From these figures we learn 
that an actual error of 2° of a great circle is by no means 
improbable 

For critical positions an error of this magnitude may evi- 
dently cause the formulae to give absurd or impossible results 
for the height of a meteor actually observed at both stations, 
without even taking into account certain other errors due to 
physical causes wholly independent of the observer’s estimates 

A consideration of the apparent diurnal motion of the August 
meteor radiant, with leference to a point in the latitude of the 
Lick Observatory, will make it plain that all the true azimuths, 
while the sun is below the horizon, must lie in the first quad- 
rant The actual angle is, of course, variable, it reaches its 
maximum value, 46°, at about two hours after midnight The 
inclination to the normal (zenith-distance) continually increases 
with the possible time of observation, the maximum value, 162°, 
being attained about sunrise 

The differences between the observed results and those which 
would be obtained on the hypothesis that all the meteors enter 
oui atmosphere along lines which were originally parallel, are 
mostly due to errors of observation It is evident, however, 
that if the meteors are not spherical in shape, or if the spheri- 
cal ones are revolving very rapidly, they will be more or less 
deflected, on entering our atmosphere, from the path they would 
take if no atmosphere were present. 

By taking the mean of the several unbracketed elements, 
height and length of path, given in Table V, a general idea 
of the mean position and motion in our atmosphere can be 
obtained We thus find for the apparent motion of an August 
meteor the approximate quantities 

Mean height of a meteor when first seen = 43 6 miles 
Mean height of a meteor when last seen = 26 4 miles 
Mean length of the visible path = 27 8 miles 

Mean duration = 0“ 77 

4 
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The last quantity being the mean of the fifteen estimates of the 
time requiied foi the meteor to describe its visible path, accord- 
ing to the observations of the Mount Diablo observer 

Assuming the above value, 27 8 miles, for the mean length 
of the visible path, there results — 

Mean velocity of the August meteois = 36 miles per second 

Of the meteois given in Table V only the duration of (8-38) 
happens to have been recorded by the Mount Diablo obseivei, 
the time is 1®, and the computed length of the path 29 miles 

These obseivations were made moie for the purpose of deter- 
mining the heights of the meteors than for any other element, 
this accounts for the fact that so few estimates of the duration 
times weie made For computing the orbit of a meteoi the 
velocity must be accurately known, if leliable elements are 
wanted 

To obtain the true direction and velocity of motion of a 
meteoi in its own orbit, while in oui atmosphere, we must 
eliminate the aberrational effects due to the orbital motion of 
the earth Having once found the meteor’s orbital velocity, all 
the elements of the orbit can at once be computed 

The unceitainty in the velocity of the August meteors is so 
gieat — even for the best results that have been secured — that 
only a most rude approximation to the true elements need be 
expected 

As the velocity (36 miles), adopted as the motion in oui 
atmosphere in one second of time, is derived from a mean ol 
all the results of the 1894 observations, I shall assume a mean 
value of all the other data necessary for the computation of the 
orbit 

For determining the coordinates of the point fiom which the 
meteors appear to be coming, it will evidently be best to use all 
the observations made in the northern sky of Mount Hamilton 

According to the observations of Messrs Cot.ton and Prk- 
BINE, the apparent ladiant of the August, 1894, meteois had 
the coordinates 

Right Ascension = 46° 

Dechnation = + 55° 

As the elements will be referred to the plane of the ecliptic 
these coordinates are to be converted into latitude and longitude 
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by means of the usual formulae So that as seen from the earth 
the meteors apparently radiate from a point in 

Longitude 60° 6 
Latitude + 36° 0 

From the Nautical Almanac we find that the earth, as seen 
from the sun at about the mean of the times of observation, 
was in longitude 317° 5, the latitude being practically zero It 
was, therefore, moving tow ards a point in 

Longitude 48° 0 
Latitude 0° 0 

to the nearest half degree, allowing for the inclination of the 
earth’s direction of motion to its radius-vector 

From the above positions we find that the angular distance 
between the point towards which the earth is actually moving 
and that from which the meteors ap^pear to be coming is 

37° 82 

and the inclination of the great circle (joining the two points) 
to the ecliptic, 73° 42 * 

Now (applying the principle of the paiallelogram of veloc- 
ities) in the plane triangle whose sides are 18 (the velocity of 
the earth in its orbit) and 86 (the velocity of the meteor in our 
atmosphere), with the included angle 37° 82, it is required to 
find the side V opposite the known angle, and the inclination s 
of this side to the side 1 8 Hence 

V = 246 
s =64° 60 

V corresponds to the lesser of the two diagonals of a paral- 
lelogram whose sides aie 18 and 36, the actual angle between 
the sides being 180°H-37° 82, as the meteor radiant is 180° from 
the point towards which the meteois would appeal to converge 
if the apparent paths were continued indefinitely 

For the given motion in our atmosphere the actual velocity 

*Fo'und by solving a right angle spherical triangle, the sides about the right 
angle being 12° 6 ( = 60° 5 — 48° 0) and 36° 0 The required quantities are, the 
hypothenuse and the angle opposite the side 36° 0, or, 37° 82 and 73° 42 respect- 
ively 
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of an August meteor in its own oibit is, theiefore, 24 5 miles 
per second, and the tiue angle between the line of the earth^s 
motion and that along which a meteor is moving is 

64° 60 + 180° = 244° 60 

Lastly, to completely determine the diiection of the line 
along which the meteors are moving it is necessary to find the 
angle which this line makes with a line drawn to the sun In 
the spherical triangle formed by ]oining the three points on the 
celestial sphere — one being in the direction of the sun, the 
second, that towards which the earth is moving, and the third, 
that towards which the meteois aie moving — we have given 
the two sides 48° — 137° 5= 270° 5 and 64° 60, and the angle 
73° 42 opposite the side 64° 60, to find the thud side, which is 
the measuie of the lequired inclination The solution gives 
254° 84 as the lequired angle 

We thus have given the orbital velocity of a body at the 
earth’s distance from the sun, and the true direction of motion , 
from these three constants we can now compute all the elements 
of the 01 bit (which would subsequently be described by this body 
if left undisturbed by the earth) by the usual methods 

Fiom these given data, depending upon the Mount Hamilton 
and Mount Diablo observations, I have computed the following 

Elements of the August Meteors 

Longitude of the Perihelion = 349° 8 

Longitude of the Ascending Node = 137° 5 

Inclination of the Plane of the Orbit = 116° 2 

Eccentricity == 59° 2 

Semi-Ma]or Axis = 6 58 

Peiihelion Distance = 0 92 

Periodic Time =17 0 years 

The semi-major axis and the peiihelion distance are ex- 
pressed in teims of the earth’s mean distance from the sun 
as a unit 

To give a foicible idea of the degree of uncertainty of the 
interrelated elements — eccentiicity, semi-major axis, and peri- 
odic time — it IS only necessary to state that if an orbital 
velocity one mile gi eater than that used is assumed, the path 
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becomes parabolic The probable erroi of even the best de- 
termined velocity of a periodic meteor is much gi eater than 
one mile A computer who gives the periodic time in the 
neighborhood of one hundied years, therefore, assumes that 
the obseived velocity is known to within a small fi actional 
part of a mile 

The agreement between the periodic times of computed 
meteor orbits and ceitain known comet orbits, on which some 
of our text-books lay great stress, is apt to be very misleading 
The longitude of the Node is, of course, well determined, the 
only othei element which can be said to be even approximately 
known, is the inclination of the orbit 

Concluding Remarks 

To obtain reliable data for finding the actual orbits of the 
meteors, much moie refined methods of observation must be 
devised than any that have been used up to the present time 
All lesults depending on naked-eye estimates can only be 
legal ded as the rudest approximations 

When, as in the case of the senes discussed in the piesent 
papei, the distance between the two stations is large, a given 
meteor may and doubtless does become visible to one observer 
before the othei can possibly see it The error (which is not a 
peisonal one) intioduced in the leduction of such observations 
lesults from the fact that points of beginning (or ending) as 
seen fiom the two stations do not correspond to the same actual 
position of the meteoi , the erroi may at times easily amount to 
several degiees of arc 

The only satisfactoiy lemedy seems to be that the distance 
between the two observers must be relatively small, and all 
the obseivations confined to meteors which pass within a few 
degi ecs of the zenith 

While it IS manifestly certain that all known naked-eye 
methods for dcteimining the heights would be of but little value 
in cases wheie the distance between the stations is only a mile 
or two, it would seem that great accuiacy in the position of a 
meteoi could be obtained if two equatonally mounted photo- 
graphic telescopes of exactly the same size could be used 
simultaneously, one being at each end of a short, but accur- 
ately determined base line The only difiiculty in the way of 
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such a plan at the piesent time is the lack of the reqmied 
degree of sensitiveness of the photographic plate The extremely 
short duration of the meteoi’s light at any given point of its 
path has thus far made it impossible to secure reliable photo- 
giaphic tiails of the faintei meteois, and the chance of getting 
a veiy blight meteoi in a given region of the sky is quite small * 
As the makeis of dry plates are, however, continually m- 
ci easing the degree of sensitiveness of their emulsions, we may 
soon be able to obtain satisfactory data from a photographic 
study of the meteors Having, in some such way, secured 
accurate data for finding the heights, direction, and length of 
the visible path, it is just as necessary to employ some ex- 
tremely accurate method for deteiminmg the interval of time 
required for the meteor to traverse its visible path, if a reliable 
oibit IS desired When these improvements have been per- 
fected, certain other quantities depending upon the earth’s 
attraction, the diurnal velocity of the observer, the resistance 
of oui atmosphere, etc , must be allowed for 


J M ScHAEBERLE 

L%ck Observatory, October, 1895 

^ While on Mount Diaolo 1 exposed a number of plates, in a stationary 
landscape camera, directed towards Mount Hamilton, and elevated 40° Each 
plate was exposed about 2^ the stars being allowed to trail across the plate 
during the whole time, but on the plates developed no meteor trails were 
found Duiing the same nights Messrs Colton and Perrinb also exposed 
plates in a similar camera directed towards Mount Diablo, and also elevated 
about 40°, with the same negative result The field of view was about 40°, 
the diameter of the obiectives, 1 % inches, and the focal lengths 11 inches 
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0BSERVATI05S OF THE AOGUST, 1894, ME- 
TEORS AT THE LICE OBSERVATORY. 

By A L CoLioN 


The observations of meteois in the northern sky made by 
me on the nights of August 9, 10, and 11, 1894, with Mi C D 
Perrine, were undertaken at the suggestion of Piofessoi Schae- 
BERLE, who proposed to observe from the summit of Mount 
Diablo at the same time Mount Diablo is about 41 miles from 
Mount Hamilton, in a diiection 23° west of north, height 3,800 
feet, and simultaneous obseivations of the Perseid meteois were 
made with a view to determining the heights of any seen in the 
region of sky between the two stations 

Poi recording the paths of the meteois observed, I constructed 
a circumpolar chart on a scale one half greater than that in 
Proctor\s larger star atlas, locating the positions of stars of the 
fourth magnitude and biightei, and a few of the fifth Moie 
stais on the chait, say all of the fifth magnitude, could have 
been used to good advantage Fiom this chart otheis were 
made, the stai-dots being located by needle-perforations Foi 
each night’s use a chart was so mounted on an easel that it 
could be rotated to coriespond to the positions of the stais 
represented 

My charts included the sky to 45° polar distance, while those 
made and used by Mr Perrine were on a smaller scale, but ex- 
tended to 60° polar distance Their greater extent proved very 
useful, as moie meteors could be recorded, especially near the 
zenith, wheie they were of most importance for the original 
puipose of the obseivations 

Oui work on the nights named was shaied by Mr W F 
Poole, who acted as recorder, noting the time by a chionometei, 
and calling back to us the seiial number of the meteor observed 
This number was appended to the ariow drawn on the chart to 
indicate the meteor’s path As it was necessary to announce 
very promptly the meteois seen^ and some of them were beyond 
the range of our charts, oi so poorly observed as not to be worth 
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lecording, the charts do not repiesent all the meteors noted 
The same recoid answeied for both observers, and naturally 
enough it often happened that not the same meteox was seen 
by both Sometimes we noted different meteors at the same 
instant I observed a few beyond the range of my chart, but 
recorded them upon Mr Pebrine’s 
I endeavored to record as accurately as possible the length of 
each path, noting the points of beginning and ending by then 
pioportional distances between the surrounding stars The 
length of path seemed to me important, in view of the effort to 
locate relatively to the earth^s suiface the position of the 
meteors Had the po'^ition of the ladiant been the only object 
sought, the length of path would have been less important, and 
perhaps the direction could have been more accurately recorded 
A few paths especially well observed are denoted by a + sign, 
and a few somewhat in doubt, by an interrogation point 
About one fifth of the whole numbei lecoided by me came 
from other regions than Pei sens, and are distiibuted quite 
evenly through the series of observations They seem to offei 
no opportunity for the location of radiant points 

By means of pencil lines on the charts the arrows ladiating 
fiom Pei sens were produced backward to that constellation 
At first glance it seems impracticable to locate a well-defined 
radiant among them, but a closei inspection shows points wheie 
the lines intersect much more frequently than elsewhere Some 
ot these intersections may readily be disposed of as accidental 
The following table gives the location of the more conspicuous 


August 9 

August 10 


August 11 


No 

R A 

Dec 

No 

R A 

Dec 

No 

It A 

Dec 

1 

21° 

61° 

7 

17° 

61° 

17 

38° 

63° 

2 

25 

60 

8 

24 

59 

18 

44 

66 

3 

40 

62 

9 

26 

56 

19 

60 

68 

4 

46 

55 

10 

31 

67 

20 

61 

63 

5 

48 

52 

11 

34 

53 

21 

52 

62 

6 

53 

64 

12 

37 

57 







13 

45 

67 







14 

47 

61 







15 

48 

63 







16 

56 

71 





The existence of such centeis might be accounted foi, as Mr 
Denning says {Popular Astronomy, 1 270), ‘^Theie are cer- 
tainly more than one hundred distinct meteoi streams in 




Meteors at the Lick Observatory 


59 


active play on about August 10 (say between August 6 and 
15), and the ladiant positions of many of the more prominent 
of these have been ascertained m a satistactoiy mannei ” 
Then follows a table of positions of seventy-two of these 
ladiants, and a diagiam showing the location of thiity-four 
of them Unfortunately, if coiroboiation be sought fiom Mi 
Denning’s table, the positions agiee, even approximately, only 
in the case of the Perseid ladiant propei 

The most piominent in tei sections on my charts foi the three 
nights lespectively, as recorded above, aie Nos 4, 13, and 20 
Nos 4, 13, and 18 agree quite closely with each other, and with 
the moat conspicuous ladiant point located by Mr Pereine on 
his chait of August 10 Thus, horn independent lecords, made 
by somewhat diflfeient methods, we have leached practically 
the same result 

My charts afford no suppoit to the theoiy of the progiessive 
shifting of the ladiant from day to day The case might have 
been otherwise, perhaps, if a gieatei numbei of meteors had 
been recorded on the nights of the 9th and 11th, or if several 
nioie nights had been included in the series of obseivations 

During these obseivations I exposed a series of plates in an 
oidinary camera, in view of the possibility of obtaining photo- 
giaphic records of the brightest meteors, but without success 
On the night of August 2, about a week before these observa- 
tions, I exposed two plates in the same cameia, diiected veiti- 
cally upwaid, for about two hours each, to test the capacity of 
the lens for recording stai-tiails A much brighter meteor 
than any seen duiing these observations crossed the field of 
the lens, but left no trace upon the sensitive plate I was, 
therefore, not disappointed at not obtaining a photographic 
lecord of any of the Perseid meteors Five meteor-trails, 
nearly all faint, were obtained during this showci by Professor 
Barnard, using the 6-inch Willard lens — an instrument of 
immense light-gathering power, as compared with the small 
objective used by myself Three of these, one of them being of 
a “stationary ” meteor, were found on a plate exposed August 9, 
with the lens directed to the radiant, and one trail was obtained 
on each of the two following nights, with the lens directed to 
Saq%tta and Lym^ lospectively 

I used a Beck lens of about 11 inches focus, with the full 
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aperture of about inches and 6^ x 8] plates On August 7 
some plates were exposed with the lens pointed vertically, and 
on the foui following nights with the lens at an angle of 45° to 
the horizon, and in the general direction of Mount Diablo In 
this direction the aveiage angulai velocity of the meteors is 
presumably gi eater, and the duration less, than at the ladiant, 
much farthei east The pole-star was just within the eastern 
limit of the field of my lens The plates used weie Seed 26 
and Cramei “Crown,’’ and each was exposed two oi thiee 
hours Neither Professor Schaeberle noi Mr Perrine, both 
of whom used view-lenses in a similar manner, secured any 
meteor -photogi aphs 

It IS evident that ordinary view-lenses are useless for the 
study of meteor-swarms, such as the Perseids The meteors 
are faint — evidently such small particles as might be expected 
in the debris of comets — while the exceptionally brilliant 
meteors occur singly, and presumably consist of large masses 
As matters stand, we have not yet reached the time anticipated 
in a rathei skeptical paragraph by Piof H M Paul {Sneme, 
8 132), in which he says “With to-day’s doubtful methods of 
mapping the tiacks of meteors, oui opinion is that we must 
wait till some Argus-eyed camera * * * shall decide by 
the doctrine of probabilities as to the real existence of nine 
tenths of the so-called ‘ radiants ’ of to-day ” 

I exposed thirteen plates, including those of August 2 The 
exact details of exposure are unnecessary, but some of the 
results may be of interest, as bearing on the capacity of ordi- 
nary view-lenses for recording star-trails With lens and i)late 
of the dimensions previously stated, using the full apeiture, it 
IS readily understood that a star ti ailing across the plate could 
not long remain accurately in focus The trails were quite 
sharp at the center of the plate, but with inci casing distance 
fiom the center they broadened and became correspondingly 
fainter The available area vaiied with diffeient plates, but at 
least an inch or two of margin should in eveiy case be omitted 
as worthless For examination two plates were selected, one 
exposed to the zenith, the other to the polar region Owing to 
the slower motion of the star images, the trails upon the latter 
were much the stronger Those crossing the center of this plate 
were made by stars having a declination of about 70° In 



Meteors at the Lick Observatory 


61 


this region a star of the third magnitude (D M 65° 1170) left 
a trail 154 in width as measured under the microscope, 
while a sixth magnitude star (D M 72° 818) gave a trail 
Qram QgQ On this plate 110 trails are identified, 29 being 

of fainter magnitudes than the sixth, and one of the ninth (D 
M 70° 976) Still fainter trails are visible, but cannot be 
identified, they probably belong to stars of the tenth magni- 
tude Between the center of the plate and the polar region at 
the end there is apparently little diffeience in the faintest 
magnitudes recognized, the decrease of illumination caused by 
the broadening of the trails seems to be compensated by the 
longer exposure The trail of an eighth magnitude star (D M 
88° 104) was identified within an inch of the end of the plate 
On the plate exposed to the zenith 53 trails are identified, 
made by stars in the constellations Lyra and Oygnus, the 
faintest being of the seventh magnitude Near the middle of 
the plate the multiple star b Lyrse gives a very pretty pair of 
trails 0““ 28 from center to centei 

On the night of August 7 Professor Schaeberle exposed a 
6^x8i Seed 26 plate to the polar region, using a Beck lens 
similar to my own, and has placed it in my hands for examina- 
tion in this connection It affords a better opportunity for 
examining polai trails, as the pole is but little more than an 
inch and a half liom the centei of the plate The trails are 
numerous and well defined In the central poition of the 
plate, occupying perhaps a third of the area, 144 tiails were 
identified, of which 121 were made by stars of fainter magni- 
tudes than the sixth Four of these trails were made by two 
stars each, and one by three stars, the stars being in these 
cases so close together that their trails weie not separable 
Including one of the double trails, 82 were within 5° of the 
pole, as given in the Durchmusterung The D M positions 
are given for the epoch 1855 0, and the pole is now about 13' 
distant from its position at that time This change does not 
interfere with the general purpose of the discussion, it did, 
however, make still more difficult the tedious process of identi- 
fying faint trails near the pole 
All the stars located by means of their trails were identified 
in the D M catalogue and charts, with a single exception — a 
star of about the tenth magnitude, which Professor Tucker has 
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kindly obseived for me with the meridian ciicle He finds its 
position for 1895 0 to be R A = 17”"55“, Dec = 89^ 45' 66" I 

have computed the precession since 1855 0, and find its posi- 
tion foi that date to be R A = 3*^ 45“ 37*, Dec = 89° 44' 6" 
It IS not included in the Duichmusterung, nor in Carrington’s 
catalogue of circumpolai stais 

The magnitude of the faintest stars identified is 9 6, of which 
there aie two, both within a degree of the pole Theie are 
about twenty others of the ninth magnitude and fainter, all 
within 7° of the pole 

Refeience has been made to the bioadening of the tiails 
with increasing distance fiom the center of the plate A 
conspicuous illustiation of this is afforded by the trail of a 
Lyrse^ on the plate exposed to the zenith The tiail of this 
star, commencing at a little more than an inch fiom the 
center of the plate, with a width of 0““156, increased to 
0““ 656 in a distance of less than inches (about 12°) The 
narrow end of the trail was attended by a darkish bolder, 
evidently caused by iriadiation, which nearly or quite disap- 
peared befoie leaching the broad end, thus showing the greater 
biilliancy of the image where best in focus 

In the central region of this plate foui trails were selected 
for measurement, and gave the following results 


Mag Width of Trail 

D K 32° 3286 3 2 0“^“ 056 (A. Lyra 3 ) 

D M 34 3690 4 6 0 062 (8 Cygni) 

D M 34 3798 4 2 0 056 (77 Cygni) 

D M 36 3557 — 5 0 0 052 (4 Cygni) 

Five trails on Professoi Schaeberle’s plate weie measuied, 
as follows 

Mag Width of 1 rail 

D M 78° 627 4 7 0““i057 (CUrsnMm) 

D M 78 580 7 0 0 031 

DM 82 498 4 0 0 043 (f XTr&cO Mm ) 

D M 83 431 6 0 0 032 (BAG 4982) 

DM 84 290 5 6 0 067 (:S 1694 ) 


Each of the above results is the mean of ten not remarkably 
accoidant determinations with the measuring-engine I know 
of no available photometric method of comparing the densities 
of the tiails, nor is it worth while, considering the uncertainty 
of other elements entering into the results Among these are 
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stiength of development, atmospheric absoiption, sharpness of 
focus, adjustment of the plate with reference to the axis of the 
lens, the color of the stai, the polar distance of the star and 
consequent rapidity of motion I am inclined to believe that 
the thickness and quality of film, in combination with the 
strength of development, have something to do with the 
width of trail Under the microscope no trail presents sharp, 
well-defined edges This result must in part be due to irradia- 
tion, or diffusion of light from the illuminated portion of the 
film, and also to granularity of the silver deposit 

Professor Schaeberle^s plate was very strongly developed — a 
fact which apparently had much to do with the visibility of the 
faintei tiails On the other hand, the strong development 
produced a chemical fog which made the edges of the trails less 
distinct, and measuiements consequently more difficult For 
revealing the existence of faint objects, however, thorough 
development is unquestionably necessary 
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OBSERTATIONS OF THE AUGUST, 1894, ME- 
TEORS AT THE LICE OBSERVATORY. 

By C D Perrins 


As a pait of the plan proposed by Professoi Schaeberle for 
the obseivation of the August meteors, I observed at the Lick 
Obseivatoiy station on the nights of August 9, 10, and 11 
The signals fiom the mean time clock were transmitted by 
sun flashes to Mount Diablo, at 6 o’clock on the evenings of 
August 9, 10, and 11 

Mr Colton’s pieliminary experiments showed that there was 
very little hope of recording any of the meteors with an ordi- 
nary camera However, on all three nights I used an 8 x 10 
camera belonging to the Observatory, solely for the purpose of 
catching a very bright one, should one appear within the field 
of view This camera was used with a Clark lens, having an 
aperture of 1 2 inches, the full opening being used Three plates 
were exposed on each of the nights of August 9 and 10, and two 
on the night of August 11 The camera was fixed and the stars 
allowed to trail The plates used were those of a very rapid 
Cramer “Crown” emulsion, numbered 6715, and fiom tests are 
assumed to work in about half the time of the Seed 26 plate 
The plates were all carefully developed with an hydrochinon 
developer, but no meteor trails are to be found, although the 
tiails of stars of about the eighth magnitude aie clearly shown 
at a distance of 30° from the pole On the night of August 9 the 
camel a was pointed so as to include the pole in the southwest 
corner of the plate On the last two nights the camera was 
pointed nearei the zenith, at an altitude of about 63°, and an 
azimuth of 196° 

Aftei the visual method was adopted, several hours’ pre- 
liminaiy piactico was indulged in on tho nights of August 7 
and 8, to decide upon the most suitable methods 
I made a senes of charts by transfening, to the same scale, the 
brighter and outlining stars from Soixurig’s Tahulsp QMestes^ 
in a circle 60° from the pole One of these charts was made 
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for each night and mounted on an easel in fiont of me as I 
faced the noith When a meteor was seen, ‘‘time’^ was im- 
mediately called to the time-keeper, who noted the time fiom 
chionometei Negus 1667, and called back the numbei of the 
meteor The path, covering the direction, length of visibility, 
and position with respect to neighboring stais, was drawn in 
at once with a lead pencil on the chart, and the numbei as 
given by the time-keeper written down near it, togethei with 
any special data, such as unusual brilliancy, indicated by “ b ”, 
the accuracy of determination of its position, indicated by “ a ” 
if well seen in a field thickly studded with stars, oi ‘‘ac” for a 
very accurate obseivation obtained from the passage of the 
meteoi over a star or directly in line with one or moie stais In 
case the meteor passed ovei or veiy close to stais not alieady 
on the chait, such comparison stars weie roughly drawn in by 
the eye, and, later, their positions were accuiately chaited, and 
all the pencil work inked in In instances where the obseiva- 
tions were below the usual accuracy, such weie indicated by 
liz ” Mr Colton observed seveial meteors just outside the 
limits of his map, but just within mine In such cases they are 
drawn on my charts and indicated by the initials ‘‘A L C ” 
My principal aim was to locate accurately one or more points 
in the meteor’s path The points of beginning and ending 
were, in general, left to impressions The brightness was a 
secondary consideration, but the length of the tiail is generally 
a very good indication of itsbiightness, the blighter ones gener- 
ally having the longest trails 

On each chart an aiea of 15*^ radius was taken with y Peisei 
as center, and all the meteor paths weie projected backward, 
which fell within this area The result shows that many of 
the meteoi B came from widely different portions of this area 
As IS to be expected, there are many from othei radiants 
The best defined ladianton August 9 is an area of some 4P oi 
5° diametei (A), whose center is about E A 2^ 45“, Dec + 54° A 
On August 10, the best defined radiant (A) is an aiea of some 5° 
diameter, the position of whose center IS R A Dec + 54° 9 
Theie are thiee other radiants which can be distinguished, 
whose approximate positions are as follows 

(B) E A 3" 42“ Dec + 53° 8 

(C) 2^ 44“ + 52° 5 

(D) 3"^ 30“ » +63°0 
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On August 11, the meteors available were not so numerous — 
a larger percentage of the smaller number being “ strays ” 
The radiant on this night is not so stiongly marked, but appears 
to be about E A 2'‘ 56“, Dec + 64°.8 A meteor which moved 
almost exactly in the bne of sight was observed on the night 
of August 9, and is numbered 173 on the chart It grew rapidly 
m brightness until it equaled a first magnitude star, and then 
gradually faded out, appearing to the eye to remain absolutely 
stationary Its position was charted with considerable accu- 
racy and IS found to he R. A 3" 01“, Dec + 58° 2 


1894, September 


C D Peeeine 
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Some Curious Effects of Kefraction 
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SDNSETS AT MOUNT HAMILTON. 

SOME CURIOUS EFFECTS OF REFRACTION 

By A L Colton 


[Note— This article was originally written for JStmmel und Erde^ and was 
translated into German and published in that magazine for February, 1895, 
illustrated by a few selections from the photographs referred to It is here 
reprinted in enlarged form, with all the photographs which are deemed 
worthy of reproduction ] 


Most persons interested in astronomical matters are familiar 
with the effect of atmospheric refraction upon the apparent 
discs of the sun and moon As the rays of light from a body 
in outer space pass through our atmosphere, they are bent in 
such a mannei as to make the body appear at a greater eleva- 
tion than it really is This effect becomes more pionounced 
with increasing zenith-distance at the horizon the refraction 
in the summer is usually about 35', while half a degree above 
the hoiizon it is only 29' As a result, the disc of the sun or 
moon, when near the horizon, is distorted into an oval form, 
much flattened on the under side 
This, briefly, is the effect of refraction upon these discs, as it 
IS usually understood Local influences may, however, play an 
important part in causing the forms that are seen It is the 
purpose of the accompanying illustrations to present some of 
the curious effects of these influences upon the disc of the set- 
ting sun as seen from Mount Hamilton 

The atmosphere near the earth’s surface is arranged in strata 
of varying density, and to certain arrangements of these strata 
the mirage is due The twinkling of stars is probably caused 
by their light coming through shifting currents of air of un- 
equal density The distance of the observer’s horizon may also 
modify the general effect of sunrise or sunset, more particularly 
in the color of the sky The shorter wave-lengths of light 
(violet, blue) are more readily scattered by the dust of the 
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atmosphere than the longer (oiange, led), thus giving the 
ruddy hues of the morning and evening sky, and the greater 
the extent of atmosphere through which the light has to travel 
the more pronounced is the lesult Layeis of haze or vapor in 
the lower regions of the atmosphere also contribute their shaie 
to the geneial effect 

Not the least among the attractions which the Lick Obser- 
vatoiy has to offer its visitors is the magnificent panoiama 
spread out before them in every direction To the west the 
view IS especially fine, extending over the Santa Clara Valley 
and the south end of the Bay of San Fiancisco, until the earth 
and sky appear to meet along the crest of the Coast Kange 
The distance of this ciest from Mount Hamilton varies, roughly, 
from thirty miles to fifty miles, and its height above sea-level 
from 1,200 to 2,800 feet As Mount Hamilton is 4,200 feet 
above sea-level, the western sky and the setting sun can be 
observed foi some distance below the horizontal plane, and the 
absence of intervening ob3ects affords a rare opportunity for 
observing the varying phenomena of sunset In the summer 
months the sky is almost always free from clouds, and at sun- 
set, especially if seen through the limited area of a doorway, 
suggests a nearly perfect spectrum, from crimson at the horizon 
to deep blue above At other seasons of the year the sky is 
often diversified with masses of cloud, affording at sunset a 
gorgeous array of color 

The irregular forms of the sun’s disc presented in the accom- 
panying plates must chiefiy be attributed to the varying strata 
of the lower atmosphere , these strata aie sometimes marked 
by streaks of hazy cloud, at other times only detected by their 
effect upon the shape of the sun’s disc As the sun approaches 
within a few degrees of the mountain crest it usually assumes 
the flattened oval foim chaiacteristic of refraction near the 
horizon The progressive changes of this normal foim are well 
repiesented in the illustiations foi June 25 Soon, however, 
other and more unusual foi ms may be seen Most frequently 
the changes begin by a narrow protuberance extending fiom 
the lower edge of the disc, as shown in the first photogiaphs 
taken on June 14 and 16, and July 9 (see the plates), pre- 
senting the appearance of a mushroom supported on a very 
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Hhort stalk Other shapes follow, until, just before disappeai- 
anco, the sun is soon only as a veiy naiiow horizontal line 
Intel osted in these curious forms, I made a senes of photo- 
giai»li8 of them duiing the months ot June, July, and August, 
1893, neuily all of winch aie heie shown These months are 
best suited to the pui pose, the inegularities in the lower atmos- 
pheric stiata, the haze which collects in the valley, and per- 
haps, also, the vapoi rising fiom the Bay ot San Fiancisco, 
combiiii' to jn wince these effects The photographs were made, 
not in the hope oi solving any abstiuse scientific problem, but 
simjilv to jiieseiit some of the curious freaks of atmospheiio 
refi iction For this jiurpose the objective of a small visual 
tclescojie was chosen, of 49 inches focus and 3i inches apei- 
ture, and attached to a home-made camera-box, roughly 
mounted, with motions in altitude and azimuth A revolving 
wooden shutter, foi instantaneous exposures, was placed in 
front ol the lens, the apertuie of which was i educed by the 
ojioning of the shutter to 1 2 inches In connection with the 
plate-holdei was a device for bringing the sun’s image upon 
diflerent ijuaiterH of the plate, and shielding the lest of the 
plate tiom the light Otamor “Ciown” plates were used, 
31 x41 inches in siz(‘ From one to four exposures weie made 
each night, upon Huccessive quarters of the plate, the time of 
each, to the nearest second or two, being noted by a watch The 
apparatus! worked fairly well; twice, however (June 19 and 
22), doulile exposures wore inadvertently made 

As the irregular refraction producing these effects is caused 
by essentially hanznninl layers, the figures are symmetrical 
with a vertical axis, except whore the disc is paitly obscured by 
low clouds, ns on Juno 10 and 14, July 7 and 9 (third image), 
and August 10. On the latter date the sun strongly illumin- 
ated the top of the fog, producing an irregular bright line. 
The cloud-liko effoct of July 13 is due to a defect in the nega- 
tive. Faint clouds above the sun are recorded on June 8 (not 
shown 1 n the i eproductum ) and J uly 6 Halation-rings around 
the image, duo to reflection from the back of the plate, fre- 
quently occur, especially when the sun is high above the hori- 
zon, and therefore bright. 

Bolts of hazo frequently cover a part of the disc, rendering 
that i>art less bright than the rest. On July 8 such a belt was 
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so opaque as to cut the disc into two separate portions The 
strata which by iriegular lefraction produce the indented out- 
lines are not always combined with these belts of haze, this 
occurs, however, on June 5, 8, 17, 22, July 8, 30, and August 14 
On August 8 and 9 (third picture), the disc is entirely divided 
by refraction from invisible stiata 
The stem-like piojection from the sun’s lower limb, which 
frequently begins the series of iriegular forms, has been 
observed elsewhere at sunset over a distant horj.zon It is 
suggestive of the “black drop” observed at transits of Venus, 
of course the two phenomena are not related 

These distortions aie in no manner connected with the 
mountain crest over which they are seen, indeed, the crest but 
little more than intercepts the ocean-horizon at Mount Hamil- 
ton, and on some occasions the ocean has been seen ovei the 
lowei portions of the range The sun sets on June 1 in azimuth 
119*^, nearly in the direction ot San Bruno, at the solstice it 
IS but little farther north About the tenth of July it has 
returned to the position first mentioned Eaily in August it 
sets in azimuth 113° over a higher range, and about the 
middle of the month it has receded to 108°, disappearing 
behind Mount Montara, a rather conspicuous elevation, 1,940 
feet high, and about 50 miles from Mount Hamilton To show 
how little our ocean-horizon lacks of being visible, I will say 
that the horizon of Mount Hamilton is approximately 85 miles 
distant. Mount Montara would have the same horizon-line 
if it were but little more than 700 feet high, leaving 1,200 feet 
to intercept the sea-hoiizon of Mount Hamilton At 60 miles 
1,200 feet subtends an angle of about 15' 6, so that, not taking 
into account the effect of refraction, about half of the sun 
might be below the sea-horizon and the uppei limb still be 
visible above Montara 

These distortions can also be seen from the range just 
described Professor Gteorge Davibson, late of the U S Coast 
and Geodetic Survey, writes me “ When at work on the crest 
line of the Coast Range, and from the lower shore stations, we 
have observed some very curious phenomena of refraction at 
sunset We have frequently seen the upper and the lowei 
limbs repeated several times In our earlier experiences we 
made sketches of these abnormal images, but they seemed to 
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interest no one here or at the East, and we ceased to draw 
them ” 

It IS not probable that the more remarkable distortions are 
directly related to an unusually high temperature, as the days 
when these were observed were not as hot as others when the 
distortions were not seen But they were, on the whole, more 
noticeable in August, and the average temperature was highei 
in this month than in eithei of the preceding , the atmospheric 
strata causing them were probably due, at least in part, to the 
long-continued heat At this time, also, the valley was filled 
with a heavy reddish haze which cut out so much of the actinic 
light at sunset that it was sometimes necessary to prolong the 
exposure by momentarily holding the shutter open with the 
hand 

Much difficulty was experienced in preparing the photo- 
graphs for publication Contact positives were made from all 
the negatives, and from these the images weie cut, each being 
upon a separate square of glass These little squares of glass 
weie arranged in rows, each row representing a separate day’s 
sunset, and the corresponding times of exposure were written 
on nairow slips of glass placed beneath The pieces composing 
each page were ai ranged on a glass shelf, and a negative made 
from them The original scale of the pictures was retained 
In the process of copying there was some unavoidable loss of 
detail, on the other hand, there was in some instances a gam 
in the way of increased contrast Much more of the original 
detail has been lost in making the half-tone plates 

It IS to be supposed, of course, that from other elevations, 
favorably situated, similar effects of refraction might be ob- 
seived, but I have found no literature relating to these phe- 
nomena, and inquiries directed elsewhere have failed to bring 
additional information 

At Palermo, in 1886 and 1888, Padre Ricco observed the flat- 
tened imago of the rising sun reflected in the sea, and derived 
some interesting conclusions from the form of the reflected 
image, but these observations were quite different in character 
from those described in the present article 

At the suggestion of Professor Mark W Harrington, I have 
prepared the following table, showing the true zenith-distance 
of the sun’s center at the time each photograph was taken The 
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recoidfoi one day was accidentally lost The zenith-distances 
for the fiist and last photographs of each day were computed 
diiectly , the others were found by interpolation, assuming that 
during the brief intei val reqniied foi any day’s senes the zenith- 
distance Taried in diiect proportion to the time The sun was 
below the horizontal plane at all the times of exposme, except 
on August 28, the last day on which photographs weie taken 
With one other exception — the first exposuie for August 9 — 
the sun was also below the actual sea-horizon Leaving lef ruc- 
tion out of account, the dip of the hoiizon foi the altitude of 
the Lick Observatory is 9', and the sun’s semi-diametei in 
June, July, and August was always slightly less than 16' At 
the true zenith-distance of 91^ 25', therefoie, the sun would be 
entiiely concealed behind the sea-hoiizon were it not foi the 
eflect of refraction, and the zenith-distance is always gi eater 
than tills except in the cases ]ust noted 

The extreme zenith-distances were attained on July 23, 
98° 45' 1, and July 27, 93° 64' 5. In these cases the sun was 
visible only as a nariow streak On July 27 the sun’s semi- 
diametei was 15' 8 Adding this to the tiue zenith-distance of 
the sea-hoiizon, 91° 9', and deducting the sum from the com- 
puted zenith-distance of the sun, we have as the effect of lef ruc- 
tion in this extreme case an elevation of 2° 29' 7, plus the width 
of the narrow strip of sun then visible The lifting effect is 
here nearly, oi quite, five times the sun’s angulai diametei At 
this date the sun sets behind the distant lange to the northwaid 
of Montara, which can but little more than intercept the sea- 
horizon 

All the photographs taken on July 23 and 27 show distinctly 
a portion of the circular outline of the sun’s disc On one or 
two dates, e g July 7, the final image photographed was not 
that of the sun, hut of an illuminated streak of cloud on the 
mountain crest 
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\( the Ill I’lolOHSOl II(»r/I>KN, pliotoiltliipllic ox- 

po'-iiK',-. wfic iindc by UH on tho (“vcnini' o( Au^uHt 10, 1895, in 
\i(‘\\ ol till' ptmsil>ilit,y of iwiordiii}; m Uur ni.inni'i the ti.ulH ol 
.mj' of the Porw'id motcois A Williid poitiiut Iimih of 5} 
inclioH iipi'ituic .uul ahout 28 iiH‘h(>H Ioiuh with iihed, it mid 
the inronip.uiMii); <‘.111101 .i-hov hciiiK r.ihtonod to the Hix-indi 
•MUnitoii.il iiiouiitiii}' (h.unei “Oiown” |»l,it('H, 8 x 10 iiicIkih 
111 si/<‘, and ol tin* luiusii.illy i,i|nd (‘iihiIhioh (>715, wore o\poH(Hl 
1' foIlowH 


IS.i 


1 XiMIHUn 


(iUkIhik 4 {iu 


I I <>'* 51"* h> I0‘‘ 

, 10 <5 t<» U ,tf> 

I 1 U U» to 12 IKH 

I 1 ' r* I to 12 [>0 

5 1 12 f»a lo n 12 

<1 1 in 1/ lo II 2? 


fl I'ansiopiUir 
o hyi a 

y 1)00 oniM 

y Diaronis 
o I’Vlpu 


'rho crottH-wiroH of tho iindi*! woio not on tho guiding- ntai at 
tho hoginning of <*a<*h o\|)ohuhs and tho diiving-chxdt then 
allowed to nin with only oCiraHioiml ationiion, wlulo wo watidiod 
toi inotooiH imnniug near oi unoHH tho (iol<l uf tho lonn Many 
\M‘io nt>tod, hut only thono i(H‘or<l<‘d on tho jiliotogiapluo plate 
will 1 h‘ luontioiKMl iieie. Wlnlo tho wlai-dotH olitaiuod in thiH 
inaimor weie not pinfeotly lound and a<‘cuiato, they wonHiuite 
good <‘nough loi our jnnpoho 

Only two niotoor-trailH were photogiapluxl, both very faint, 

VVA • 

l*lat<* No 2 huigth of trail, (VMJ, poHition of <‘<‘ntor ol trail, 
\i A 18’* 2;V‘\ l)o<‘ I 45', <liu‘<<tion of trail, S 7(5^ K., 
piobably made by a. bnght im*teoi olmtuvod ir'Crii?" 



84 Meteor Trails Photographed m August, iSg^ 


Plate No 6 length of trail, 0° 9 , position of centei of trail, 
R A = 3*“ 1", Dec = + 49° 20' , direction of trail, S 5° W , 
evidently made by a meteor of second magnitud*e observed 1^“ 
5“ 17“ — ^the only one noted in Perseus dining the exposuie of 
the plate 

The fiist of these tiails extended in a direction neaily at 
right angles to a line from the constellation Perseus, the second 
proceeded almost directly from the radiant, at a distance of 
about 6°, and was undoubtedly a true Perseid meteoi 









WORKS ISSUED BY THE LICK OBSERVATORY, 


It IS intended to issue, at irregular intervals, two series of works, the 
first, in quarto, to be known as Publications of the Lick Observatory, the 
second, in octavo to be known as Contributions from the Lick Observatory 
Occasional pamphlets, such as Nos 2 and 8a below may not be included in 
either senes At the end of eveiy book, a list of all the works issued will be 
given, for the convenience of librarians and others 
These works are not for general distribution, but for exchange with 
Obseiva tones. Academies of Science, etc , in return for their publications 
The Publications of the Asti onomical Society of the Pacific contain Notices from 
the Licl Observatory^ prepared by members of the staff, in each issue 

1 Publications of the Lick Observatory of the University of California, 

prepared undei the diiection of the Lick Trustees by Edwabd S Holden 
Volume 1, 1887 Sacramento, 1887 4to [Containing a bnef history of 
the Observatory, with descriptions of the buildings and instruments , 
obseivations of double stars by S W Burnham, 1879, of the transit 
of Mercury 1881, by Messrs Floyd, Holden, and Burnham, of the 
transit of Venus^ 1882, by D P Todd, meteorological observations, by 
T E Fraser, 1880-85 , and Reduction Tables for Mount Hamilton, by 
G C Comstock ] [Out of print ] 

2 Suggestions for Observing the Total Eclipse of the Sun on January 1, 1889, 

by Edward S Holden Printed by authority of the Regents of the 
University of California Sacramento, 1889 8vo [Out of print] 

3 Conti ibutions from the Lick Observatory, No 1 Reports on the Observa- 

tions of the Total Eclipse of the Sun of January 1, 1889, published by 
the Lick Observatory Printed by authority of the Regents of the 
University of California Sacramento, 1889 8vo [Out of print ] 

4 Contributions from the Lick Observatory, No 2 Reports on the Observa- 

tions of the Total Eclipse of the Sun, December 21-22, 1889, and of the 
Total Eclipse of the Moon, July 22, 1888, to which is added a Catalogue 
of the Library, published by the Lick Observatory Printed by author- 
ity of the Regents of the University of California Sacramento, 1891 
8vo [Outof print] 

6 Contributions from the Lick Observatory, No 3 Terrestrial Atmospheric 
Absorption of the Photographic Rays of Light, by J M Sohaeberlb, 
Astronomer in the Lick Observatory Prmted by authority of the Re- 
gents of the University of California Sacramento, 1893 8vo [Outof 
print J 

6 Publications of the Lick Observatory of the University of California 
Prmted by authority of the Regents of the University Volume II, 1893 
Sacramento, 1893 4to [Containing double star observations made with 
the thirty-six-inch and twelve-inch refractors of the Lick Observatory 
from August, 1888, to June, 1892, by S W Burnham ] 



86 Works Ismed by the Lick Observatory 


7 PuhhcaUons of the Lick Observatoiy of the University of 

Printed by authority of the Regents of the University V 

1894 4to [Containing drawings and photographs of tLe 
Piofessor Ladislas Wbinek, reproduced in heliogravure, etc , 
tives made at the Lick Observatory, with an introduction by 
Holden , investigation of prisms of optical glass, by Proi 
Hastings , investigation of the glass scale of the Lick C 
measuring engine, by Mr 0 H Tittman , spectroscopic ol 
of nebulje, by Professor J E Keelbe ] [Out of print ] 

8 Contributions from the Lick Observatory, No 4 Report on 

Eclipse of the Sun, observed at Mina Bronces, Chile, on Ai 
by J M ScH A.EBBELB, Astronomer in the Lick Observatory 
authority of the Regents of the University of California S 
1896 8vo 

8a a brief account of the Lick Observatoiy of the University 
nia, prepared by ordei of the Regents of the University, by 
Holden 1st edition, Berkeley, The University Piess, 1894, 
Sacramento, 1894 fevo pp 32 stereotyped 

9 Conlributiom from the Lick Obseivatoiy, No 6 Meteors ai 

observed by the Astionomeis of the Lick Ob&eivitory in 189 

1895 Printed by authority of the Regents ot the Univeisi 
forma Sacramento, 1895 8vo 
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